
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



IIIIIIHIID 



600044787 





A 




n 



Tracts and Observations 



NATURAL HISTORY 



PHYSIOLOGY. 



TFITH SErEN PLATES. 



BY ROBERT TOWNSON, L.L.D. 

r. R. 5. lOXH. AUTHOR OF TMI PHILOSOPHT OF MIMEILAL06T| 
AND TRAVXI.S TMROVCK HVNCART. 



]9rinteD for t^e Siut^ov : 

AND SOLD BY J. WHITE, FLBBT-8TRBET9 
LONDON. 

1799. 



PREFACE. 



JL HE two first Tracts in this volume were 
published in Germany, a few years ago, in* 
Latin; the third was written about the 
same time, but not published. It is these 
three papers that have principally induced me 
to give this volume to the public, for I found, 
when I wished to lay before them merely 
these physiological observations, that the 
booksellers were unwilling to have any 
concern with such a trifle ; I was, there- 
fore, almost compelled to make up a vo- 
lume. I was the lefs unwilling to accede 
to this, as most of the other tracts were 
in my portfolio, and I have always thought, 
that every man of science and observation, 
a 2 



vi PREFACE, 

should consider both his cotemporaries and 
posterity as having a claim upon him for his 
discoveries and remarks, and should there- 
fore consider it as a social duty to leave them 
upon record. This is my apology, if any 
should be thought requisite, for publishing 
those papers that form the latter part of this 
volume; some of which, I must observe, 
were written eight years ago. 
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■VQMMMMlMe 



so immensely varied and complex are the 
works of nature, that, after the accumulated 
labours of the learned of many ages, there is 
still ample room to institute enquiries, with 
the animating hope of making new disco- 
veries. I, therefore, think it needlefs to make 
any apology for entering on the present sub- 
ject of investigation, convinced, as I am, that 
though I may not prosecute it with the succefs 
that greater talents might, I shall, at least, 
shew that there is ample room for enquiry, 
and tiiat I have not left my subject in the state 
I found it. 

How far I shall continue my investigations 
I know not ; this must depend upon leisure 
and opportunities* 

B 3 



ON THE 



Respiration oftJie Amphibia. 






JL HE necefsity of respiration to the support 
of life, and the evident injuries arising from 
any impediment in this function,, induced the 
earliest medical philosophers to make it a sub- 
ject of enquiry ; and, from that time to this, it 
has afforded a continued subject of admiration, 
discufsion, and dispute: not, indeed, of dis- 
pute, as whether it was necefsary or not, but 
why it was necefsary ? what were the advan- 
tages the animal economy derived from 
thence ? and by what means it was carried 
on? 

The question, why it was necefsary? led to 
disputes, if we exclude those of modern times, 
far more subtle than sound ; but the question, 
how it was performed? has led to a diligent 
investigation of the organs by which it is car- 
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ried on, and has ultimately brought physiolo- 
gists to this conclusion : that the lungs, them- 
selves, are inactive in respiration, not being 
pofsefsed of an inherent active power to expand 
in inspiration, nor any, or scarcely any, to con- 
tract in expiration, but that these two different 
and alternating states of the lungs depend on 
the cavity of the thorax being enlarged in the 
first case, and diminished in the latter; and 
that through the medium of the ribs, the in- 
tercostal muscles, and the diaphragm. The 
ribs being elevated by the intercostals, whilst 
the diaphragm is deprefsed, the thorax is en- 
larged, and the air then rushes into the lungs, 
according to the laws of pneumatics : this is 
inspiration. Afterwards the ribs fall, and the 
diaphragm rises, by which the cavity of the 
thorax is diminished, the lungs comprefsed, 
and the air contained is expelled : this is ex- 
piration, and in thefe two actions consists 
respiration. Yet, though the ribs are requi- 
site to a full and sound respiration, the history 
of medicine relates cases in which, the ribs 
having become motionlefs through disease, 
the diaphragm has been found sufficient to 
carry on an imperfect respiration, with the 
afsistance of the abdominal muscles. 
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These enquiries and experiments, however, 
were instituted cliiefly upon hot blooded ani- 
mals, and justly, while the object was to ex- 
plain this function in them and in man ; but, 
before it was applied to so very difsimilar 
animals as the Amphibia, it ought to have been 
enquired into, whether the structure of these 
warranted it? Certainly it does not ; yet the 
doctrine of respiration of the former has been 
almost universally applied to the latter, and 
that without any discrimination. 

Although the poor Amphibia, by being so 
easily procured, and being sotenaciojusoflife, 
particularly Frogs, have, upon every difference 
which has arisen amongst medical philosophers, 
perished by thousands, yet we do not find that 
this frequent inspection of their structure, 
has led to any discovery of the nature of the 
function of respiration in them, nor served to 
elucidate that of the hot blooded animals. 
This is rather to be wondered at, as the com- 
parison of such difsimilar structures might very 
naturally have been used to explain the offices 
of the different organs. — In the writings of 
some old authors, we, indeed, find a few acci- 
dental observations which might have led to 
some discovery in this part of the physiology of 
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these animals ; but history, as well as daily 
experience, proves, that we may proceed to the 
last step towards a discovery and advance no 
further. 

As early as Aristotle this difference was 
observed, between some of the Amphibia and 
' hot blooded animals, that in the former the 
lungs did not collapse on opening their con- 
taining parts, as in the latter. The celebrated 
Malpighius and Roesel observed this pecu- 
liarity in the Frog tribe, and Goiter and 
Varnier in Tortoises and Serpents. This, 
in different tribes of this clafs, arises from very 
different causes, which we shall afterwards 
afsign. It is now universally known that the 
lungs of Frogs do not collapse on cutting 
through their containing parts, but often pro- 
trude through the wound, and will r^nain 
inflated after their containing parts are cut 
away ; and, what is more remarkable, if in this 
ftate they should collapse the animal can again 
inflate them. This, surely, strongly indicates 
a very different mechanism in the organs of 
respiration, and of this we shall be immedi- 
ately convinced. 

We have already observed, that the prin- 
cipal organs of respiration were the diaphragm 
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and the intercostal muscles with the ribs, but 
in the Amphibia there is no diaphragm* 
The celebrated Haller says, in his Physio- 
logy, " Frigidi sanguinis animalia, quse ego 
quidem vidi, aut nihil habent diaphragmati 
simile, aut membranaceum/' Pan a r old says 
this of the Chamelion. Blasius found none 
in Lizards, and Valentini and Charas 
none in Serpents ; and there really is none. 
The lungs, which are large and cellular^ 
nearly occupy the whole length of the body, 
and are not separated from the other viscera. 
It cannot, however, be denied, that some have 
afserted to have found a diaphragm in some of 
these animals. But if we reflect that these ana- 
tomists never doubted that respiration was 
performed in them as in hot blooded animals, 
and that there necefsarily must therefore be a 
diaphragm, and then turn to the descriptions 
which they have given us of it, as that of 
BoRRiCHius, who, though speaking of the 
diaphragm of so large an animal as the Cro- 
codile, says, is so thin *'ut vixtela aranearum 
tenuior sestimari pofsit," or the descriptions of 
those who say that it is merely membranace- 
ous, we shall be confirmed in our opinion, that 
the Amphibia have no diaphragm adapted to 
respiration, 
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pulmones, simulac sternum rematum et thoca- 
€is cavitates apertae fuerint, coUabantur et 
desideant." In support of his opinion, he 
then gives us the experience of Goiter, who 
says: ^^ quid quod et studio ccxnprefsus testu- 
dinum vivae sectioni subjectorum pulmo pro- 
jMio impetu denuo seipsum inflare polsit;** 
and then makes this conclusion, *' Causa 
hujus virtuds vix aliunde, quam ex vita horum 
viscerum propria derivanda videtur, cum 
neque ad contractilem, neque ad irritabilita- 
tem, neque ad nerveam vim ullo modo referri 
poisit. — ^Texturoe enim vero musculoss non 
magis quid quam in amphibiorum puhnonum 
superficie detegere potui, quam in iis calidio- 
rum animalium, quibus nimis liberaliter irri- 
tabilitatem tribuere \ddetur nuperrimus de eo 
argumento Auctor Cel. Vamier." 

Nothing, certainly, but the difficulty of 
explaining how respiration is performed in 
these animals, could have induced him to 
attribute that efiect to a vita propria^ or parti- 
cular tone and energy, which must be attri- 
buted to muscular powers, as its efficient cause, 
wherever the exciting cause might have its 
seat. But it is not to be wondered at, that he 
should not have been satisfied with the accounts 
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which are to be found in almost every elemen- 
tary work on Physiology and Natural History, 
for these say little more than that nature has 
given to these animals arbitrary lungs, by 
which means they can live without breathing 
much longer than hot blooded animals. This, 
certainly, is of great consequence in their 
economy, but has no connection with the 
taechanism of respiration.* 

I shall now, after these general remarks, 
proceed to elucidate this obscure subject, and 
it will appear, as I proceed, that, even in 
the clafs of Amphibia, the mechanism of 
respiration is not uniformly the same, but 
various. 



* Whilst I was writing this difsertation, the Synopsis 
Rtptilium Laurenti, by accident, fell into my hands, 
and I was not a little surprised to read the following 
character, amongst others, of his Clafsis Reptilium; 
** Pulmone instructa, sine diaphragmate et fere sine 
costis, at vicaria gula quae alternatim aerem haurit et 
contracta in pulmonum propej^lit." Although this work 
is referred to by all who^have since written on the 
Amphibia, I know of no author who has mentioned this 
remark, nor of any physiologist who has profited by it : 
it is certain, however, that the mechanism of respiration 
of the Frog tribe was known to Laurentius. 
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On the Respiration of the Frog Tribe. 



I HAVE stated the absence, in this tribe of 
amphibia, of those parts, as well ofseous as 
muscular, which, in hot blooded animals, 
serve for respiration : I shall now shew how 
this defect is supplied, and point out the ad- 
mirable contrivance of nature, which enables 
them to fill their lungs with air, without the 
means of forming the ordinary vacuum. 

If we look at quadrupeds, we observe no 
motions in the throat, except those attendant on 
deglutition ; but if we look at any of the Frog 
tribe, whether awake or asleep, except when 
submerged, we see very remarkable motions 
which are quick and constant. These 
motions, however singular it at first may ap- 
pear, are the motions of inspiration, or rather 
serving for inspiration. By the same instinct 
that hot blooded animals are taught to relieve 
the sensation of suffocation, by alternately en- 
larging and diminishing the capacity of the 
thorax, these are instructed to dilate and con- 
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tract the throat; here the vacuum is formed. 
The cavity of the throat being enlarged, the 
air rushes in through the nostrils and fills it; 
the nostrils are then closed by tlieir proper 
muscles, the glottis is opened, the muscles 
designed for this office' contract, diminish the 
the cavity of the throat, and impel the con- 
tained air into the lungs ; in this way is inspi-» 
ration performed in these animals. 

When the lungs were laid bare, I have 
observed that these did not inflate, if the 
Frog, exhausted with pain and lofs of blood, 
or when the nostrils were covered with it, 
opened its mouth to take in a greater supply 
of air, till the throat contracted ; this, then, 
was the immediate consequence. Likewise, 
if I put a tube down the throat, the glottis 
and mouth being by this kept open, the lungs 
collapsed, and in this state remained ; but as 
soon as the tube was removed, respiration 
immediately recommenced: nothing simijar 
to this is to be observed in hot blooded 
animals. 

Expiration is very easily accomplished ; 

for, the glottis and the nostrils being open, the 

lungs by their own contraction from a state of 

distention, and by their own weight, aided 

c 
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by that of the superincumbent parts, will gra- 
dually expel the air ; but the muscles which 
cover the sides act also on this occasion, and 
in their croakings, (which, in the time of 
their amours, are heard to a great distance), 
with great force. But in the ordinary expira** 
tions of these animals, no more than in qua- 
dropeds, do the lungs wholly collapse ; if not 
viewed with attention, no motion is ever per^ 
ceived in their sides, though there is a regular 
contraction and distention. They likewise 
have the faculty of comprefsing one lobe of 
the lungs singly, by the contraction of the 
muscles of that side ; this is easily induced by 
touching them gently on the side with a pin 
or other sharp body. 

As these animals are .known to be able to 
live a much longer time without air than 
those with hot blood, it has been said by many 
that they respire slower. " Rarifsimie (says 
Haller), sunt respirationes animalium frigido- 
rum/' Though probably they do not vitiate 
so much air, they respire very rapidly. Man 
yespires about twenty times in a minute ; and, 
according to Forgaro, birds, which breath 
the quickest of all hot blooded animals, from 
twenty-five to fifty ; but the Esculent Frog 
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(Rana escuknta)^ respires about seventy tinies 
in a minute ; the Rana variahilis (a species ef 
Toad), about a hundred, and the Tree Frog 
(Rana arbor ea)^ so rapidly that I could not 
reckon the number of the naotipns of its throat. 
The contractions of the throat I have con- 
sidered as inspirations ; yet, as the nostrils 
do not close with e^ob contraction, Icanqot 
venture to affirm that &t each the whole con- 
tents of the throat &re driven into the lungs. 
As there is frequently one cpntra,ction in four 
or five greater than the rest, it may be then 
that the greatest quantity of air is driven into 
them. When these animals sleep, and in 
cold weather 3t these motions are slower and 
more feeble. 

According then to the doctrine which I 
have advanced on the mechanism of respira- 
tion in the Frog tribe, which may easily be 
subjected to experiment, and then thrown 
aside, if it bears not this test, but candidly re- 
ceived if it does, their lungs pofsefs no secret 
power of dilatation, any more than those of 
hot blooded animals. In both, this organ 
is inactive in respiration, which procefs, 
principally differs in this, that, whilst in the 

koT BLOODED THE AIR IS SUCKED INTO 
C 2 
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THE LUNGS BY THE EXPANSION OF THE 
THORAX, IT IS DRIVEN INTO THEM, IN THK 
FROG TRIBE, BY THE MOTIONS OF THE 
THROAT* 

Let US now proceed to examine anatxnd- 
caUy the mechanism subscfvient Id lespiratioD ; 
and when , for the sake of iHeYity , in speaking 
of the throat, I make use of the tenns of mus- 
cles of in^piratioin and expiiatkm, I mean fay 
the fonnn those muscles wfaidiscfve far fixm- 
Ing a vacuum in the throat, and hf the latfeer 
thoae which serve to ^inn^iA it. 
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Anatomy tf the Instruments of Respiration. 



When the skin is stripped off from the 
^hroat, a broad muscle comes into view which 
is the mylo'hyoideus. It covets the whol6 
throat, being extended from the end of the 
maxiJla to the condyles ; its fibjfes run trails-^ 
versely, and are inserted into the maxilla 
through its whole length. In the middle, 
from the point of this bone, if becomes thiii and 
membranous, but at the condyles thicker ; it 
is not united with the os hyoidesj as in man, 
but slightly connected with the skin. When 
the cavity of the throat is diminished, its mus- 
ctdar fibres are Seen evidently to contract, but 
chiefly at the condyles ^ where the muscle is 
thickest Thus, this muscle seems well 
adapted to afsist in driving the air from the 
throat into the lungs; neverthelefs if it be cut 
away respiration continues. 

The mylo'byoideus being cut away, the 
genio-hyoidei appear ; and, under these, in the 
middle, is the muscle of the tongue; the 
muscle at the point of the maxilla^ the sterno^ 

C3 
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hyoidei and the coraco-hyoidei are likewise 
seen. The genio-hyoidei, which are slit 
where the sterm-hyoidei" are inserted inith^ oj- 
hyoides^ from their direction and connection, 
ought, one would think, greatly to afsist in 
drawing the os hyoides forwards, aad, by 
this means diminish the cavity of the;. throat ; 
yet these being cut away respiration continues. 

The sternO'hyoidei are strong and power- 
ful ; they rise from tlie whole length of the 
last bone of the sternum, and are inserted all 
along the os hyoides^ As the os hyoides is 
npt in the same direction as the sternum, but 
higher, and its cornua^ which are fastened by 
the stylo'hyoidei\ likewise higher and oblique, 
these muscles in their contractions drajw this 
bone downwards and backwards, and thus 
form a cavity in the throat. These are the 
principal muscles used in forming this qavity, 
and when they are cut respiration ceases. 

The coraco-hyoidei rise from the inferior 
side of the neck of the scapula^ and are inserted 
intp the os hyoides near the insertions of the 
' sterno-hyoidei. They direct the movements 
of the OS hyoides J and draw it downwards ; 
one being cut, this bone loses its natural di^ 
rection and inclines to the other side. 
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If we search deeper, we find the stylo- 
hyoidei muscles, otherwise the constrictor es 
medii Pharyngis^* of which there are three 
pairs.t One pair, which is stronger than the 
rest, rises from the posterior region of the ear, 
and is inserted into the points of the cornua of 
the 05 hyoides. The other two pairs have 
the same origin, and are likewise inserted 
into the cornua of the same bone, but more 
forward. These muscles are likewise of great 
moment in contracting the cavity of the throat 
by elevating the os hyoides^ and drawing it 
forward. I have observed some muscular 
fibres in the vicinity of the stylo-hyoidei, upon 
the membrane which lies immediately under 
the muscles now described, and which forms 
the interior part of the throat; these may 
afsist likewise as constrictors. 

If we take away the muscles and the mem- 
brane of the throat, leaving only the sterno-- 
hyoidei muscles, although respiration is now 
totally destroyed, the motions used in respi- 



* Either the stylo-hyoidei or these constrictors arc 
wanting. 

t In the common To2Ld (H^na Bufo), and in the 
i?. Variabilis, I only found two pairs. 
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ration continue* Tlie os hyoidcs is still drawn 
backwards and forwards, and tlie glottis opens 
and siuus, but tiie lungs remain collapsed ; 
if even all the muscles which move the os 
hyoides^ are cut away, the glottis^ whose 
muscles remain \mtouched, continues to open 
and shut, just as in hot blooded animals, 
whose respiration is destroyed by a large 
wound in the thorax, efforts to respire con- 
tinue, though ineftix^tual^ to remove the pain- 
ful sensation of incipient su£Sx:atioa« 

On expiration little is to be said; I have 
always found the lungs of these animals^ 
whether alive or dead> to collapse as soon as 
the glottis is open; yet, as I have already 
observeii* the oblique muscles^ which extend 
ftiHu the glottis to the os puiis^ and thus en- 
velope the lungs throu^ their win^e extent^ 
have a great power to compre^ tihem, and 
thus produv.^ expiration^ Whether I have 
properly applied the name of c^liqaes to these 
muscles I will not contend^ as I have not 
examined ihcm witli jmrticular cure; they 
may pix^bably be composted of several muscles, 
but thus much 1 have observed* that their 
fibres run more or lels transver^ly^ and are 
there&ce well adapted ts> produce this <r&ct» 
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PLATE I. 



FIGURE !• 
Represents part of a Frog lying on its back. 

a« Part of the sternum cut and turned back. 

b. Part of the sternum in its natural situation. 

c. The inferior maxilla. 

1. The mylo-byoideus muscle. 

2. Where the same becomes membranous. 

3. The genio-hyoidei muscles. 
4* The muscle of the tongue. 

5* The muscle of the apex of the maxilla. 

6. One sterno-hyoideus in its natural situation. 

7. The other turned back. 

S. The coraco-hyoidei muscles. 
9, The stylo-hyodei muscles. 
The Dotted line shews the outline of the os hyoides 
and its cartilaginous appendices. 

FIGURE %.. 

I. The inferior maxilla. 

2. The oS'hyoides 

3. Its cornua. 

4. Its cartilaginous appendices. 

-5. One of the principal styjo^hyoidei mnsclca. 
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Respiration continued^ 



W HEN I published the first difsertation, 
from having found nothing in the course of 
my reading similar to the explanation which 
I gave of the mechanism of respiration, I vv^as 
induced to think that I was the first discoverer 
of it ; and I was further led to think so, by 
the coinciding opinions of several excellent 
physiologists, to whom I communicated it. In 
none of the Zootomical Compilations of 
Severinus, Blasius, Valentini, or Les 
Memoir es pour servir a UHistoire Naturelle; 
in none of the works of those who have 
treated profefsedly on the Genus Rana, or 
Frog tribe, as jAcoBitus ; nor in the works 
of those who have extended their labours to 
the whole clafs of amphibia, as Cepede; nor 
in Haller's great work on Physiology, 
where the functions of the human body are so 
often elucidated by comparative anatomy, and 
where such frequent references are made to 
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zootomical writers, any more than in many mo- 
dem elementary books of physiology and ana- 
tomy, could I find a hint concerning it, though 
other parts of the physiolc^ of these animals, 
neither so striking nor so important, had not 
been neglected, and where even the subject 
cf lespiratioii had been treated of. But tlie 
few words of Laceekti, which I have al- 
ready quoted, undeceived me. 

Since then I have ibund that it waskooiim 
to SwAM>iERDA)i; toT he says,"^ ^' Sic in 
Rana resectis musculis turn abdocnims turn 
l^oris^ imo denudato edam ccMrde, re^tra- 
tioneia ( si ita appellare Hceat) mascaLocum 
oris ope> (quod ip» pcoegracLde est) adhoc 
pef&rt e^^wcti siaaus:* and^ in aaother pl^cef 
fee says; ** vidi eriaia cum :ac eq^riinntes re- 
sptraient^ ctjifim ext^einam^ <^uir i> in^^ K innm 
atiditus^ utpote proxiine subcer banc pone 
ocuLq6v coQsrituccmi^ sopecvestit,. rugitier incie 
xuxDC eie^ad, nurtc iterum sub^dcre : at hinc 
sane visa pecelig;ms nascatur :^«n:raculiim« 
quando ambic simol ge^ranf^ «t suas c^utd- 



* Tractaitu&de RnpintCtoixe, pagie i-^. 
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libetnaires alternisaperiunt etconstringunt."— * 
MoRGAGNi mentions it, likewise, in his Ad- 
versaria Anatomica.* And that it was known 
to Ma LP iGH I us, is evident, by his answer to 
ENTius,f in which thtere is this remarkable 
pafsage; ** Primo nainque constat ex oculari 
inspectione, ranas ad libitum, aperto etianr 
tborace proprios exinanire foUiculos, et mox 
etiam turgidos reddere, Et li^et in reliquis 
animalibus aperto thoracie, et subeunte externo 
aere, simulque comprimente pulmones, , inspi- 
jfatio in iisdem impediatur, in ranis tamen, in 
quibus costulee desiderantur, natura peculiar! 
arganisatione supplevit, addendo concavita- 
tem, qua receptus i aer in expositos folliculos' 
cxprimitur, tanta vi, ut prefsionem ambientis 
aeris superet. — Insignis igitur in ranis occurrit 
buccae concavitas, cui geminae append untur 
lateraliter vesicae membranosae carneis fibris 
munitae ; superior vero buccae concameratio 
ofseo excitatur operimento ; pars vero inferior 
cum membranosa et laxa sit, comprefsa extc- 
rius gibba fit, et ita ampliorem reddit buccam; 



* Advers. Anatom. 5, Animad. 29. 
t Opera Postbuma, page 8. 
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totum autem hoc ita succedit. Laryngis cor- 
pus ofsibus hinc inde pofsitis circumseptum 
deorsum, versus imum ventrem fibris carneis, 
quasi septo transverso retrahitur ; et ex piano 
elongata mucronata cartilago, cum analogo 
quasi sterno deorsum curvatur, et ita subse- 
quitur amplitudo buccae, sicut accidit nobis 
deprefso septo transverso, et extra magis in- 
curvata thoracis concavitate. Aer itaque per 
geminos narium hiatus, in quibus necefsario 
valvulae locantur, exspiratur, quibus compres- 
sione facta, et angustata bucca, aer protruditur 
per laryngem in continuatos pulmones ; aperta 
n^mque laryngis rimula et apprefsis oris labiis 
vi detruditur in proximos pulmones, a quibus 
ad nutum animalis diducto iterum laryngis 
hiatu et contractis fibris carneis in rete impli- 
catis, et pulmones amplectentibus, juvante 
externi aeris pondere, rursus in buccam revo- 
catur, et ita respiratio celebratur ; hinc ablata 
inferiori praecipue mandibula, cum buccae 
concavitas patula reddatur, nulla succedit, 
pulmonum inflatio. — In testudinibus, lacer-* 
tis, viperis et consimilibus thoracis structura 
costulis et musculis integrata observatur ; 
pulmones quoque trachea oblonga cum larynge 
muniuntur, ita ut eaderaomnino phaenomena 
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in his siiccedant, quae in perfectorum anima- 
lium respiratione deprehenduntur." 

I cannot, therefore, lay claim to the merit 
of being the first discoverer of this anamalous 
mode of respiration ; yet I may claim that of 
elucidating it, if obscure, of reviving it, if for- 
gotten, and of re-establishing it, if laid aside 
as erroneous. It has been declared to be an 
obsolete opinion of the older anatomists, by 
a learned profefsor in one of the first Univer- 
sities of Germany, in a public course of lec- 
tures on comparative anatomy ; not merely 
taking from me the merit of the discovery, 
but giving me the demerit of reviving an old 
erroneous opinion,, which, by subsequent ex- 
periments, had been overturned, laid aside 
and forgotten. '* Quo magis dignus laude, 
(says Morgagni in defence of Valsalva*), 
Valsalva est, et erit quiqunque obsoleta et 
pro falsis jam habita antiquorum inventa suis 
ipse observationibus inpristinam lucem splen- 
doremque restituat. Hunc ego non dubitem 
vel primis illis earundem rerum inventoribus 
anteferre. lUi enim verum duntaxat do- 



* Morgagni Epistolae Anatomicae. 
D 2 
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cuerunt; hie simul turn falsum dedocet, turn 
verum docet ; turpius autem est, quod verum 
sit, pro falso habere, quam verum ipsum ig- 
norare. Hue illud addendum est, quod 
multo difficilius accidit, ut res, quae vulgo 
falsa credatur, confirmetur, quam ut nova 
quaepiam reveletur ; nam si quis in illam forte 
incidat, ob opinionem lamen praejudicatam 
facile negligit, se fallasia quadam decipi, sus- 
picans, aut id quod videt fortuito factum ex- 
istimans ; quo fit, ut non sine pluribus ac 
saepius repetitis inspectionibus nee sine longi- 
ori examine atque acriori pofsit ejusmodi res 
in antiquam lucem revocari ; et quod hinc 
sequitur, ut si ab exercitato et sapienti viro 
revocetur, ejus multo magis rei, quam alterius 
prorsus novae, certi efse pofse videamur/* 

The refutation of this opinion, I believe, 
the learned profefsor thought he had found in 
Mr. Bremond*s paper, in the Memoires of the 
Royal Academy of Paris for 1739 ; the intent 
of which is to prove that the lungs are not 
pafsive in respiration, but in themselves pofsefs 
a power to expand and contract ; which 
opinion he himself has adopted. 

Nothing distinguishes this paper so much 
as the false conclusions that are drawn from 
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the experiments instituted ; and it is by one of 
these that Mr. Bremond thought he had over- 
turned tliat part of the explanation of 
Malpighi, where, he says, that the lower 
maxilla being cut away, the Frog can no 
longer inflate its lungs. Mr. Bremond ex- 
prefses himself thus: " On lit dansles oeuvres 
posthumes de Malphighi in fol. page 8, 
quayant coupe la Machoire inferieure de la 
grenouille, et decouvert la cavit^ de la 
gorge, les pouraons ne peuvent plus se dilater, 
mais il paroit par les experiences que je viens 
de rapporter, que cet habile anatomiste sest 
trompe." But if we read with the greatest 
attention the experiments of Mr. Bremond, 
we are not induced to doubt those of 
Malpighi. The experiment which he, I 
suppose, thought invalidated the observations 
of this great man, must be that where he cut 
the cartilages of the glottis ; but this should 
not prevent the air from being driven into the 
lungs and their consequent inflation, like 
cutting off the lower maxilla ; these two parts 
performing quite different functions. * But 
what is truly surprising, is, that after giving 
in detail the explanation of Malpighi, and 
giving his afsent to it, for he exprefses himself 

^3 
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thus, he should reason as though he had 
never heard of it, or did not believe it, ** La 
gorge de la grenouille a une structure tres 
particuliere ; par le moyen des muscles, 
decrits par Malpighi, cet animal peut tantot 
la dilater considerablement et tantot la dimi- 
nuer. Lorque la Bouche et les narines sont 
ouvertes, la grenouille remplit dair ou en 
partie, ou entierement sa gorge, ensuite fer- 
mant sa bouche et ses narines, elle ouvre la 
glotte et par la contraction des muscles de la 
gorge et des autres muscles voisins, elle prefse 
Tair vers son larynx et le determine a entrer 
dans les poumons ; elle peut par cette artifice 
en admettre -la quantite, qu'elle veut : de 
meme en refserrant ses poumons et dilatant sa 
glotte, elle chafse autant d'air qu'elle le desire, 
ou totalement ou en partie ; c'est dans cette 
mcchanique que consiste le coafsement." • 

If he admits of the explanation of Mal- 
pighi, how inconsistent it is to make the fol- 
lowing queries: ^' mais si lair pouvoit par 
son poids affaifser les poumons des quadrupeds, 
pourquoi n'afFaifseroit-il pas ceux de la grcr 
nouille ? cela devroit arriver, quand la pro- 
vision d'air que la grenouille a faite, est 
epuifsee, ou quand elle a coafsee, ses poumons 
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etant a decouvert ; aufsitot que ses poulmons 
seroient une fois afFaifses par Texpiration vo- 
lontaire de ranimal, pourroient-ils se dilater 
de nouveau? si Ton lui suppose une force a 
Torifice de la glotte, qui retienne Tair captiv6 
dans les poumons, pourquoi ausitot que cette 
force est vaincue, le poumon se dilate-til de 
nouveau apres s6tre contracte ? J*ai introduit 
plusieurs fois la pointe d'une epingle ou d'un 
scalpel dans Torifice de la glotte, jai fait a 
rinstant afFaifser le pouraon, et jai vu faire a 
Tanimal une violente expiration, cepehdant 
aufsitot apres le poumon s'est dilate de nou- 
veau, et ne s est contracte qu'au bout de quel- 
que terns;'* and a little further, he says, 
** ayant fait secher des poumons de grenou- 
illes souffles, jai tres bien vu le reseau de 
fibres charnues et musculaire qui enveloppent 
et recouvrent les poumons de la grenouille. 
Ces fibres doivent avoir beaucoup de force 
dans ce. Tiscere et servir egalement, q^uoique 
d*une fafon difFerente, pour sa contraction etsa 
dilatation^ Now can any thing be more in- 
consistent, than after saying that Malpighi 
had discovered that the Frog had the throat 
so formed as to be able to drive the air into 
the lungs, to ask how it is that the lungs are 
inflated after they are laid bare ? 
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On reconsidering the matter, I am no 
ways inclined to change my opinion, either 
from the experiments and reasoning of Mr, 
Bremond, nor froixi the opposition and afserr 
tions of tl^ learned Profefsor; nor induced to 
jreject a rational and mechanical explanation, 
perfectly consistent with the animal economy, 
and fly to occult powers, which, by sagacious 
philosophers, are justly considered as mere 
delusions, ^nd injurious to the advancement 
of science, ** Operatio ejus, (s^ays the great 
Bacon), prorsus similis est soporificis non- 
nuUis medicamentis, c^uae somnum conciliant, 
atque insuper laeta ct placentia somnia immit- 
tunt. Pximo enim jntellectum humanum in 
soporem conjicit, decantando proprietates spe-? 
cificas et virtutes occultas et coelitus demifsas, 
imde homines ad veras causas eruendas non 
amplius excitantuj: nee evigilant, sed in hujus- 
modi otiis acquiescunt ; deinde innumera comr 
menta somniorum instar insinuat et.spargit/' — . 
I will i)L0W quit this controversy, and, with 
my scalpel in my hand, proceed, according 
to my design, to investigate the mechanism of 
respiration in the other Amphibia^ 
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Qn the JRespiration 0/ LIZARDS. 



Of this very numerous genus, consisting ' 
4of near eighty species, and divided into 
^eleven families, most of which are the inha- 
J)itants of the warmer climates, I have only 
hitherto had opportunities to examine two or 
three species of the family of the Salamanders, 
and the common Lizard (Lacerta agilis) of 
the family of the Ameiva. From my restricted 
observations, it would be too rash to speak in 
general of the whole genus ; yet, as far as my 
observations have extended, I am induced to 
divide them, so far, I mean, as concerns the 
subject of respiration, into two divisions; into 
those without ribs, and into those with ribs. The 
former are by far the least numerous, and pro^ 
bably only consist of the family of xh^Salaman- 
dree of Linneus ; these have short moveable 
bones fixed to the lateral procefses of the ver- 
tebrae, but no ribs ; and those with ribs will 
probably include the remaining ten families* 
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In this chapter it is only my intention to 
fpeak of those without ribs, and these have 
so great a similarity with the Frog tribe, that, 
after what I have said on them, there is 
but little to say on these ; for the mecha- 
nism in general is the same, yet the diffe- 
rence in the shape of their bodies has rendered 
some variation requisite. 



On the Respiration of the SALAMANDER. 
(L. Salamandra. Linn.^ 

The same motions which I described in 
the throat of the Frog, are to be seen in this 
animal. They are nearly as rapid as in the 
Tree Frog; but the greater motions, accom^ 
panied by the closing of the nostrils, take 
place more seldom, only two or three times iu 
a minute, yet they are more distinct than in 
the Frog. 

The principal differences which I ob- 
served on difsection, were in the os hyoides 
and its muscles; and in. the connection of the 
sterno-hyoidei muscles. The os hyoides is 
entirely cartilaginous, and on each side there 
is a cartilage running parallel to its cornua; 
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PI. I. will shew better their shape and re* 
lative situation than any description. Its 
muscles, likewise, differ greatly from those of 
the Frog; instead of the stylo-hyoidei axe sub- 
stituted two muscles, one running from the 
further end of its cornua to the fore end of the 
lateral cartilage, into the hind end of which 
is inserted the other, which rises from the 
apex of the maxilla. These muscles, from 
their very oblique direction in respect of the 
cartilages to which they are cpnnejfted, must 
have great effe6i:, 

' The sterno^hyotdei muscles are very re* 
markable ; this animal has no distinct sternum 
or clavicles J but very large scapulas chiefly car- 
tilaginous, the greatest part of which comes for-^ 
ward where the two meet and cover the breast* 
These being loose and playing upon one 
another, the sterno-hyoidei muscles, instead of 
rising from hence, as from the sternum^ rise at 
the OS pubis ^ on the side of the Y cartilage, and 
then run between the oblique muscles up to 
the OS hyoides ; in the region of the heart they 
tlirow off a small muscle towards the procefsus 
coracoideus; this, I suppose, is the coraco- 
hyoidem^ or its substitute. In the greater 
motions of the throat, the steriio-hyoidei draw 
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the OS byoides nearly into a vertical direction, 
that is, a right angle with the direction of 
the body. 



. The WATER LIZARD. (Lacerta 
lacustris. Linn.^ 

This animal so much resembles the pre-- 
ceding in the function of wiiich I am treating, 
and in the mechanism by which it is per- 
formed, that I might have pafsed it over in 
silence, wer^ it not on account of the very 
singular structure of the lungs. 

The OS hyoides and the lateral appendages 
are like those of the Salamander in shape ; 
but they are bony, except at the ends nearest 
the apex of the maxilla. The sterno-hyoidei 
muscles, as in the Salamander, rise from the 
OS pubis J which has likewise the Y cartilage. 

In its natural element, which is the water, 
this animal breathes seldom ; only about once 
in a quarter of an hour. For this purpose it 
comes to the surface of the water, opens its 
mouth, sends out a bubble of air, instantly 
swells its throat, which it as rapidly contracts, 
and then immediately retires. If even it 
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sliotild remain near the surface of the water, 
yet this businefs is done in an instant, and a& 
it were by stealth ; and ncme of the smaller 
motions of the throat are observed. But as 
soon as it is taken out of this element, and 
the water has run from off its nose, and its 
nostrils are clear, it begins to move its throat, 
and that as rapidly, or more so, than the Sala- 
mander ; these nations are accompanied by 
the greater ones and the closing of the nostrils ; 
but if water is dropt on the nostrils all these 
motions cease. 

The lungs demand our particular atten- 
tion. This organ, (were not men, when 
their vanity opposes the humiliating acknow- 
ledgment of error, stubborn to the soundest ar- 
guments, and even invincible by the clearest 
demonstrations,) would shew the fallacy of at- 
tributing to the lungs of the Amphibia an inhe- 
rent power of inflation. They are, really, as 
Jacobaeus calls them , sac cult acrcei^'^ and com- 

* *' Duo oblongi sacculiaeri recipiendo dicati, pul- 
mones constituunt, qui valde nitidi ac pellucentes ab 
initio oesophagi ductum alimentorum comitantur et ad 
ovaria usque protenduntur, Vasa sanguinea secundum 
longitudinum pulmonum cum ramis suis minutifsimis 
decurrunt.*' Jacobaeus Observat, de Ranis. 



IT was my intention, when I began 
these Physiological Observations, to have gone 
through the function of Respiration in all the 
dif&rent tribes of the Amphibia, before I entered 
upon a different subject ; but the difficulty I 
have found to procure some of them has in- 
duced me to change my plan, and here to begin 
with another subject. 
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VV HAT an important office the skin per- 
fonns in the animal economy is in general 
well known to Physiologists, yet executing its 
office in secret, its utility in some animals bas 
been greatly o^eriodked. How very im«- 
portant it is to the Frog and Salamander 
tribes I shall shew in this dissertation; wben 
it will appear, diat while those Ammals^ 
with whose economy we are best acquainted, 
receive their principal supply g( liquids 
by the mouth, these take in theirs 

THROUGH THE SKIN ALONE : ALL THE 
AQUEOUS FLUID WHICH THEY TAKE IN 
BEING ABSORBED BY THE SKIN, AND ALL 
THEY REJECT BEING TRANSPIRED THROUGH 
IT. 

Near three years ago, when the chilling 
cold of winter was coming on, a large female 
Frc^ (Raiia temporaria) was brought to me. 
I put it in an earthen jar with water in my 



THE AMPHIBIA. 51 

rooin^ which being warmed by a stoVc it 
diewed no signs of torpidity* Thou^ the jar 
was ^bove a foot deep, it used to come out 
efid make excursions in my room, and in a 
few Hours retire: almoft every evening it 
came out, but before I was up in the morning 
it had leaped into the jar again* This con- 
tinued throi^h a great part of the winter, 
^when a favourite hedge hog stole in fixtfn an 
adjoining room and ate it. During this time 
I had occafion to observe, that when I forgot 
to replenish the jar with water, or when it 
bad remdned a longer time than ufual out of 
the jar, it grew meagre, emaciated and feeble ; 
but speedily recovered its emhonpoint^ strength 
atid vivacity on teing put in its fe^vouritc 
dement : this observation induced me to turn 
my thoughts to this subject. 

Jn the spring some Tree-Frogs (Raftaar^ 
horea) afforded me excellent opportunities of 
4^b$ervation, for they soon grew tai3:ie and 
seldom left the window appropriated to thein 
wiiere they had a bowl of water. 3ut if they 
did, and got down on the floor they became 
very soon lank and emaciated; and if not 
taken up in a few hours they were so de- 
bilitated, that though replaced in the water they 

E 2 
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never recovered. When the weather was 
dry and hot and the sun shone bright up<m 
them they often retired to a more shady place ; 
if they did not they were, in a few hours^ 
obliged to seek the. water. They seldom 
failed going into it in the evening, except in 
damp and cold weather; they would then fre- 
quently stay out two days. If I took the 
bowl away, and dropped a few drops on the 
board, they applied their bodies as close to it 
as they could, and again looked plump, 

I observed, likewise, in some common 
Frog^j which were on the floor and had no 
water, that they got into a box of sawdust, in 
which they nearly covered themselves, and 
in this they remained alive much longer than 
if exposed to the air. These were but rude 
experiments, but they strongly, indicated so 
peculiar and anomalous an economy, that I 
thought it worthy of further enquiry, and I 
instituted the following suite of experiments^ 
and others which I have lost, to determine 
the quantity of water absorbed and transpired* 
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FIRST EXPERIMENT. 

A Tree-Frog which I believe had not beeu 
in the water during the nigbt, and weighed 
Id shot, was placed on the rim of a glass of 
water; it entered and remained in half an 
hour; when it came out it Weighed 14^; it 
had therefore absorbed in this short time near- 
ly half its own weight of water — at 

^ past II in the morning it weighed 13^ shot 

8 in the evening ... ii| 

10 at night iij- 

At night I took away the bowl of water, 
and in the morning I found it had- left the 
window and had crept into a comer of the 
room, and was covered with dust and almost 
lifeless ; I cleaned it and it weighed only yi 
shot, I then repeatedly washed it on the up- 
per surface of its body with a hair pencil im- 
bibed with water, and by this it gained 2 
shot in weight ; after this I left it about an 
hour and it lost half a shot, weighing only 
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9 shot, I then put it into a glass of wai 
where it remained an hour and a quan 
it then weighed i^i; so that in this si 
time it had absorbed 4!', a little more than 1 
its weight, and was now nearly double 
weight it had been when I found jA iu 
iftomiiig. 



SECOND EJCPERiMENT. 



Another Tree-Frog, at 

SHOTS, 

8 at night weighed .... I3 
|0 ditto 12 

Sf- morning .... .... 22 Ithad,tberclpre,l 

in the water. . 
I if ditto ..., .... 19I 

3^ afternoon i8 

7^ ditto .... .... 17I 

10 ditto ...^ ..,. 16J 

6 morning ...• .•.. 15^ Spon after it entf 
the water, and remained in an hour, and wa 

8 ditto 18^ 

9J ditto .... .... 18 

4 afternoon 15^ 

19 night 13 
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THIRD EXPERIMENT. 

Another Tree-Frc^f which had been 
without water all night, and looked Very 
much emaciated, weighed y-i* shot. I placed 
it on blotting paper, fourfold, and well soak- 
ed with water ; on this it remained an hour 
and a half, and then walked off; it now 
weighed 14 shot. It had, therefore, in the 
short space of an hour and a half, and by 
the under surface of the body alone, absorbed 
pearly its own weight of water. 



FOURTH EXPERIMENT. 

The next experiment was made with two 
very fine female Toads, which had been 
without water nearly two days, and were very 
weak and much emaciated. One of these, 
weighing 34^ large shot, was put into water 
nearly three hours, and then weighed 57: 
die other, weighing 32'i', • after remaining 
about three hours on wet blotting paper, 
weighed 39» 
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WhiUl I WUM 4\ UOuingcn. in August 
I (H|*»i * ^**i^' ♦* .i<um\«U for wghteen days, of * 
\\\\i^ \\\\\\-A^\'< M\\\ »l«Hnt»«*<> of weight of two 
<^>\\«\Wv *lN\v-.K\\^*» wvidt* and female, 
\v1s\n U» K\» AVV\\W*^«\^>ttU I lM>d named Damon 
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X*^vi« 



•^ - .^^^*«»^^ 



'*^*>«^> ^ Cv»*..-»^^ 
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MUSIDORA, 



AUGUST. SHOTS. 

Friday lO. At 5f morning she weighed 20, she then 

ejected a little water, and at 







y •••• •«•• 


• ••a 


»9 






12 


• ••• 


»7 






4 afternoon .... 


a.a. 


16^ 






^ ••*• •*»• 


• •a. 


I5f 






10 .t^. •••• 


.a.a 


*3 


Saturday 


ifi. 


6 morning* .... 


•••a 


31 






10 ^..a •••* 


af.a 


20 






1 2 .... a... 


...a 


19 






3f afternoon .... 


..*• 


I7i 


Sunday 


12. 


6 morning •••• 


••a. 


20 






10 night 


aaa4 


«4 


Monday 


^3- 


6 morning ..„ 


••■■ 


20 






.... •••• 


aea. 


19J 






|2 .... ..M 


• •f 


i7# 






^1* afternoon .... 


ataa 


15 






10 .{la. ..«. 


•aa. 


»4 



Tuesday 14. 6 morning she weighed 2 1, she then 
ejected a good deal of water, and 
only weighed 19^" 



12 noon 



..a. l^i 
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DAMON. 




AUGUST. 




SHOTS. 


Wcdnes. 15. 


7f morning he weighed 


I2i 




13^ AM* •••• •••« 


Ili 




8 aflemooa .^ •-. 


loj 



Thursday i6. 6 morning .^ ^^ 12. Atm^t 
I could not find him he had kft the window. 

Fridajr i j. He had returned to the window, was 
dirty and ill looking, and at 
6 morning only weighed 8^, He then 

went into the water, and at 
s afternoon weighed 1 2 

8J ^ .- .^ 11^ 
10^ .^ -. ..^ II 



Sztsrday i8« 


omoming 


-. 


^ loj 




10 .^ 


•^ 


>- loi 




I afternoon 


••«• 


- 9i 




10 at night he 


was in 


the water* 



Sitt7 19. 6noiiiiiig 



»3 
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MUSIDORA. 

AUGUST. SHOTS. 

Wednesday 15. yf- morning she weighed i8|- 

12|* nodn .... .... lyfshehad 

therefoi'e only lost i shot in 5 

hours; this was a rainy morning. 

8 afternoon .... i^^ Then 

flhe ejei^ted some water, and only weighed i/^\ 



Thursday 


16. 


6 morning .••« 


.... i8| 






10 night 


.... 16 


Friday 


17- 


6 morning .... 


.... 15 






2 afternoon .... 


.... 13^ 






0^ ...« «.y. 


.... '2^ 






JO^ ...f .M. 


.... 12^ 



Saturday 18. 6 morning m. .... 3i|'— ^She 
then ejected some water, and weighed 2o|. 
10 ..f. .... .... 20^ 

I afternoon „. 20 — She 

ejected again, a good deal of water, and weighed i yf* she had 
therefore ejected 2^ shot^ — In the evening I found her on 
the floor, covered with dust ; after being cleaned, at 
10 at night she weighed 14^ 

Sunday 19. Hour forgot .... 20 

4 afternoon iSj* — She 

then ejected some water^ and at 

5 weighed .... .... ly-J 
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DAMON, 



AUGUST. 




SHOTS. 


Monday 20. 


6 morningi he weighed 


13 This was 




a gloomy and rainy day, and in i6 hours 




he only lost one shot. 






12 noon 


I2# 




10 night 


12 


Tuesday 3i* 


6 morning 

a gloomy and rainy day. 


I if- likewise 




2 afternoon 


loi 




lo night .,.• 


10 



Wednes. 22. 6 morning pj It is most 

probable he had not been in the water, and 
in the night had only lost a ^ of a shot. 
3 afternoon, a rainy and gloomy forenoon, 
but fine afternoon 9 



Thursday. 23. 6 morning 
II night 



13 



Friday 24. 6 morning I2-J A gloomy 

rainy day, he only lost i shot in 14 hours. 
8 afternoon i ij- 



Saturday 25. 6 morning 



Sunday 26. Observation omitted 



Monday 27. 6 morning 
4 afternoon 



13 

lol 
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MUSIDORA, 

AUGUST. SHOTS# 

Monday 20. 6f morning she weighed ig^From 
this time till 8f aft. when she weighed 17^ She 
had been kept in a damp medium. 



Tuesday 


21. 


6 morning 


•••« 


• ••• 


i6| 


% 




2 afternoon 


•••• 


• ••• 


16 


/ 


* 


10 •••• 


*••• 


• •!• 


I5i 


VVednes. ^ 22. 


6 morning 


•••• 


• •M 


»5 






3 afternoon 


f9 


• ••• 


»4 



Thursday 23. 6 morning 
II night 



Friday 



24. 



6 morning 
8 afternoon 



•••• •••• 



•••• •%•■ 



•••• •••• 



i7f 

i4i» 
13 



Saturday 25. 

Sunday 26. 
Monday 27. ' 



6 morning .... .... 19^ 

8 afternoon ..., .... i']^ 

6 morning 16^ 

6 morning 19^ 

4 afternoon 17I: 
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I then set out on a journey to Vienna on 
luHsdiack, and tock. my fevourite Musidom 
in my pocket in a little box ; by being care* 
ibl diat she diouid hathe herself every ni^t, 
she bore die journey very well, thou^ by 
taking a circuitous road it lasted six weeks. 
During my travels through Hungary she 
lived with my worthy and learned finend 
Prc^essor Jordan at Vienna. In the autumn 
of 1793 ^^ returned together to Gottingen, 
and in the month of August of the following 
year I made some more experiments of the 
same kind. Thefe I shall relate as they 
weremade with known weights; and the reader 
may then see, not only the relative, but the 
real quantity in grains of water absorbed and 
evaporated. The other experiments, which, 
when I made, I never thought of giving to 
the public, only shew the relative quantity. 

One day when Musidora looked mean 
and meagre I weighed her ; she weighed 95 
grains ; I then put her in the water, where 
she did not stay above an hour; when she 
came out she weighed 2 drachms and 42 grains 
or 1 62 grains, she had therefore absorbed 67 
grains, that is i drachm 7 grains, which is 
about 2-3ds of her weight. Soon after, the 
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li^i^tiief biskig tainy, 'cold ^^ gl^ramy^ she 
liid tiot radV« for t>ear tw^ d^ys, and appeared 
*dmo* torpid, not did «he, I b^iev^, go 
into tke ivafter duriog itfais time. La€e in the 

evening dbdng hef going to bathe herself^ I 
|yut 9»Gr m the scales and ^e weighed 99 
grains ; I then put her in the water^ and wh^oi 
I weighed her next morning, at 8 t^'clock, 
she weighed 1 56, ^s© bad increased 57 graias. 

GRAINS. Ga^fNS, 

She weighed at .9 t^t night .... 134 lofs therefore 2a 
8 next morning 141 gain .... 7 

next morning 168 gain .... 27 

8 at night.... 152^ lofs 15^ 

8 next morning C142 lofs .„. .... lof- 

9 at night.... 129$ lofs i2f« 

8 next morning 1205- lofs ., 9 

9 at night .... 105^ lofs .... ^.., 15 

8 next morning 160 gain 541- 

9 at night .... I40 lofs 20 

8 next morning 126 lofs .„, .... 14 

9 at night .... 113 lofs 13 

8 next morning 158 J gain 45 J 

10 at night .... 121 lofs 37$ 

The sun had shone very bright the greatest 
part of the day, on the window whete she 
was ; this no doubt was the cause that, in the 
last experiment, the evaporation was so great. 
She then left the window and for the iirft time 
this year; and when I found her on the floor 
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in the morning at 9 o'clock she weighed 90I 
grains ; lols 30$- since the last time I weighed 
her, but 68 grains since the laft time she was 
in the waten I placed her on the rim of her 
bowl, she immediately went in ; two liour^ 
after I fomid her out ; now she weighed 152 
grains, gain &i. 

The extremes in her weight, in the last 
suite of experiments, where not the least com- 
pulsion or art was used to procure either a 
great evaporation or absorption, were 

168 grains the greatest. 
9of- the least. 

771- diflfercnce. 

In the 3d experiment 14 the greatest. 
7f the least. 

6^ difference. 

In the 1st experiment 14^ the greatest, 
yf the least. 

7 difference. 

From whence it appears^ that these animals 
sometimes absorb nearly their own weight of 
water ^ and^ as in the third experiment^ in the 
short time of an hour and a half^ and by the 
under surface of the body alone ; this certainly 
is truly remarkable. 
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As one alteration in a piece of mechanism 
renders other changes requisite, so one devia- 
tion from the common structure of an animal 
requires a correspondent difference* It is so 
• I think in the present instance. These ani- 
mals have a peculiar structure corresponding 
with the great power of absorption. 

In relating the above experiments, I have 
mentioned that th^y sometimes eject water: 
this is done with considerable force, and the 
quantity is great, as may be seen by the obser- 
vation on Musidora Saturday 1 8th, when, at 
two different times, she ejected to the amount 
of 3 shots and an i, which is a quarter of her 
own weight, as the night before she weighed 
only i2i. 

This ejection of water is no new observa- 
tion, though it has been chiefly noticed in 
Toads. It has been considered as their urine, 
and as poisonous, and they are accused of 
ejecting it with a mischievous intent. As far 
as my observations extend, it is common to all 
the Frog-tribe, but I conjecture that it is nei- 
ther urine, nor ejected as an ordinary evacua- 
tion, nor given them by nature as a poisonous 
and mifsile weapon, to be used in their de- 
fence ; but that it is pure water, and only 

F 
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voided as an incumbrance previous to theit 
efforts to escape. To all of them, on such 
occasions, so much liquid in the bladder would 
certainly be very inconvenient, and particu- 
larly to those which leap. 

From long observation, I am convinced, 
though these animals have a bladder, and 
for the size of the animal, a very large one» 
that they never void urine. What, then, is 
this fluid, and what is this receptacle? I am 
uncertain ; but I am lefs inclined to consider 
the bladder as a vesica urinaria j and its con- 
tents as urine, which is the received opinion, 
than to suppose the former to be a reservoir, 
and the latter a pure fluid to supply the de- 
ficiencies caused by transpiration. Or shall 
we suppose, that this is secreted by the kid- 
nies, but instead of being ejected as lurine, 
that it pafses off by perspiration ; these two, 
perspiration and urine, in our economy, have 
considerable analogy. 

Anal(^, when observations are wanting, is 
our safest guide. Those animals, with whose 
economy we are best acquainted, which have 
a bladder, void urine, and their ureters invari- 
ably terminate in the bladder ; but in the Frog- 
tribe they do not terminate in the bladder. 
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thimgh RoESCL has drawn them so in Tab. 
b. fig. 11. of his beautiful work on tjiese ahi- 
msAs; saying, at the same time, ** Bini alii 
oanell€^ urinam e renibus in vesicam defe- 
rentes." Swammerdam, indeed, supports 
bim with tliese words: '* Super recto collo- 
catsf cernitur resica urinaria duplex, in quam 
uriiia pet ureteres, qui simul vasorum deferen- 
tium- munete funguntur^ deducitur." But in 
ailother place be says : '* Vesiculae et vasa 
d)&&tentia proxime infra fundiim vesicae tiri- 
nafiae m intestinoim rectum inseruntur.^ 
Tkey ceilaiBfly terminate in the rectum, as 
repFesent^d ill the amnexed figure, and this 
must be the opinion of Swammerdam, though 
in th6 first citation he has exprefsed a dif- 
ferent opinion ; fox in the first citation, he 
sa?ysy that the ureters serve the office of the 
vasa deferentia, and in the last, he says, the 
VMa deferentia terminate in the rectum, 
which is the same as saying, that the ureters 
terminate in the rectima. That this is his 
meaning, is clear, from the following pas- 
sage : Hie vero probe animadvertendum est, 
quod renes suum quoque lotium per idem 
istud deferens vas, per quod testiculi in coitu 
semen suum, excernant; quemadmodum in 

F 2 
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lu^uinibus eiiam semen atque urina eandem 
per urethram evacuantur*** 

Though iheuiMeisdoiKAleniiiiiatemtbe 
Kl^ier^ iheit^ is a laifje openiiig: firom k inlD 
ihe itt^um of^>site to iheir tenaination, so dbat 
in t he naiuni posnioii of the animal, the ame 
UH^^ 1 ihii^^ tell thnweili dsb cpcnii^, 
\irlach b sliw and cfcned at wilL iniD the 
UaK^kf ; !>« not ki dM^ poetBR 
^W "Tne^F^^ asrf ihe cdnr Htiur 
<i»tm n ; xM :^ xn?dUl ^e a 
:?C!w««w Bbdk wiici never T^^iA 
!ka^xc l2i^tt>^^ :3iec! ioxqkss^ qcf rnuiiirffi g oa d^ 

\\"juij?^r« :a» i&ii ^ubt ae^ x ^ js^i 

r^^u ::s lit iniusd:^ ^^sqcuik^x jmrngT^. inA 
'^ oatiy 4tr juiucsste: iuiteiKr iic cams ia^ 
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for every thing that is odious, hateful, and 
loathsome. It is treated as an outcast from the 
goodnefs of Providence and humanity from 
man ; it is a thing for women to shriek at, and 
for children to torture. 

As the Frog-tribe never drinks, and / 
yet has so great a want of water, it seems to \ 
me probable, that this fluid, which is absorbed \ 
by the skin, or some part of it, may be con- \ 
ducted to this bladder as to a reservoir, from 
whence it is further distributed as their eco- 
nomy may require, in the same manner as 
this fluid taken into the stomach of other ani- 
mals is from thence further distributed ; whilst 
the urine is conducted by the ureters into the 
rectum, and is ejected with the other faeces as 
in animals destituted bladder. 

Snakes, and the common Lizard, which 
have a hard exterior coating, drink ; whether 
Tortoises, which have likewise a hard coating, 
do, I am uncertain, but I think they do not. 
In the testudo orbicularis^ which is a fluviatile 
Tortoise and amphibious, I have observed a 
peculiarity which has some analogy witb 
what I have related of the Frog-tribe. One 
of these animals, which 1 kept in my study, I 
observed, after being out of water for thix^e or 

^"3 
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four days, always to extend its neck to the 
utmost on being put in the water, and to re-r 
main in this position nearly motionlefs ^ 
several minutes; though I gave it worms it 
would not offer to eat till this was over. When 
I first had it, it used to let out a good deal of 
Wiater on being mken out of this element, but 
not after it was accustomed to be handled. I 
could not doubt that whilst it was in this pos^ 
ture it sucked in water by the anus, and I 
confirmed this opinion by putting it in water 
coloured with lackmus^ and afterwards drawl- 
ing off this coloured fluid with a catheter. 

I know too little about these animals to 
venture to say any thing further on the sub- 
ject, but I know from my own observations on 
the testudo orbicularis^ and from the old work 
of Caldesi, that the bladder in these animals 
is more varied and far more complex than in 
other animals. Ferrault says of the great land 
Tortoise, which he examined, that its bladder 
was of an extraordinary size, and contained 
above twelve pounds of a clear watery urine. 

J now return to the Fr(^-tribe. The 
power which this tribe pofsefses of absorbing 
so much humidity by the skin, and the reser-p 
voir they are provided with for retaining more 
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than what is proper to enter the system at one 
time, are of the greatest importance in their 
economy. Some of them pafs much of their 
time on land, and make excursions far from 
their favourite element; here this reservoir 
serves them like the stomach of the Camel 
when travelling over the parched desarts of 
Arabia^ Some, when the breeding season is 
over, fix their residence far from any water, 
and become quite terrestrial animals ; during 
the day, being nocturnal animals, they lie con^ 
cealed, by which evaporation goes on slowly, 
but when evening comes they go forth, and, 
while waiting for their little prey, by apply- 
ing their bodies to the moist soil, or grafs wet 
with dew, they make up the lofe by evapo- 
ration ; or if a shower falls they fill their re- 
servoir. The power they have at will of en- 
creasing or diminishing their bulk, by blowing 
themselves up by the inflation of their lungs, 
orsufiering them to be flaccid, must consider- 
ably facilitate tliis businefs. How readily 
they must absorb the dew the third experi- 
ment shows, and the following will prove 
that they absorb the moisture from the soil. 

A large Edible Frog, (Rana esculenta) 
which, from hopping about my room, where 
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I had neglected to put a bowl of wator, and 
was became lank and feeble, went into a box 
of damp mould in which I kept woms, and 
half covered itself in it; after being cleaned it 
weighed 6 drachms and 32 grains: I then 
placed it again <» the mould, and a few houis 
after, at 8 o'clock in the evening, it had gain'd 
5i grains; at 8 in the morning f a grain, at 
g at night 2 grains more. Socm after it left 
the mould, and at 8 in the morning I found it 
had lost 38 grains. I placed it again on the 
mould and at 9 at night it weighed the same; 
at 8 in the morning it had gained i grain. 
\Vhen it continued to weigh the same it must 
not be inferred that it had not absorbed any 
thing, as it had gained by the under surfece 
what it had lost by the upper. The difference 
in the quantity, in a great measure no doubt, 
depended on the dampnefs of the mould, 
which, when first turned up, would be moister 
than when it had been e>LpQsed s<Hne time to 
the air. 

A great many curious experiments might 
be made on these animals by putting them in 
media c^ difi^rent degrees of drynefs, in cur- 
rents of air, with hygrometers, &:c. &c. to 
observe how evaporation went on under these 
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different circumstances, but I have been 
hitherto prevented from making any by vari- 
ous causes; except one I made at Vienna, in 
which I placed a large female Edible Frog, 
(Rana esculenta^J fully imbibed with water^ 
under a bell glafs resting upon mercury ; here 
it remained near three days without losing any 
of its weight, at least not a 300th part ; yet af- 
terwards on handling it ejected about a 20th 
part of its own weight of water* 

The skin of the Frog-tribe, which is beau- 
tifiilly covered on the inner side with blood 
vefsels, is connected with the body only in a 
few places; this, one would think, would ren- 
der the detecting of the lymphatics very easy, 
yet where the great blood vefsels leave the 
skin and enter the body I could never observe 
any accompanying lymphatic vessels. It puts 
on a different appearance in the same animal 
at different times ; that of the Tree-Frog is 
sometimes smooth and shining, just like the 
finest kind of green vellum. In this state, if 
touched with the finger, this receives not the 
smallest sign of humidity upon it; at other 
times it is much rougher; if it is then touched 
it leaves a moisture upon it. It changes like- 
wife its colpiir according to a variety of cir- 
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cumstances, which I shall mention when I 
speak of the characters for determining the 
species. 

Here I must leave this intetesting subject^ 
not lefs convinced than the reader can be, that 
I have not exhausted it, but only just slightly 
touched upon it ; yet I expect that it will be 
thought that I have pointed out new subjects 
for investigation, and have related some 
curious facts, and removed some of the first 
impediments which might have opposed dis- 
covery* 
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PLATE I. 

Represents the Salamander, with tbt mylo-hyafdeus and 
genio*hyoidei muscles cut away. 

a. The superior maxilla. 
b« The inferior maxilla. 

c. The pectoral proceftes of the icapula separated and 

tarned back. 

d. The «kin. 

r. The os hyoides. 

2. Its comna. 

3. The lateral appendices. 

4. The oblique muscles of the os hyoides. 

. 5. The oblique muscles of the lateral appendices. 
6* The stemo-hyoidei muscles. 

7. One of the sterno*hyoidei lying between the 

oblique muscles. 

8. One of the sterno-hyoidei rising from the os pubis. 

9. The upsilon cartilage. 
70. The right lung inflated. 

11. The liver. 

12. The bladder inflated. 



SJ^. 



0^ 




rff*«**t^-.3,,^ 
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PLATE IL 



FIGURE I. 



Represents the lungs Vc. tftbe Lacerta Lacustris* 

1. The inferior maxilla. 

2. The OS byoides. 

3. Its cornua. 

4. The lateral appendices. 

5. The lungs inflated. 

6. The pectoral procefses of the scapula separated 

and turned back* 

figure 2. 
Represents the Scapula of the Salamander. 

u The scapula properly so called. 

2. Its pectoral procefs. 

3. The bony part. 
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PLATE IIL 



'tstnts the common Frog lying on its belly ^ i^ith the spine, 
OS sacrum, &c. cut away. 



1. The intestinum rectum* 

2. Where it is cut open. 

3. The bladder inflated. 

4. The opening from the rectum into the bladder. 

5. The kidnies. 

6. The ureters. 

7. The termination of the ureters in the rectum. 



Sfal/. 



2. 
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HEfirst inspection of the structure of the 
animals I have lately treated of, the Rana 
and Salamandra of Linneus^ will shew that 
respiration cannot be performed in them, as it 
is in man and animals similar to him, the ab- 
sence of the ofseous parts and diaphragm are . 
sufficient to demonstrate this; and though on 
the records of physiology there are instances 
of the continuation of respiration after the mo- 
bility of the ofseous parts had ceased, yet as 
these were only instances of suffering nature, 
where the accompanying afsistant, the dia-. 
phr^m, still continued in full energy, phy- 
siologists ought, likewise, in examining the 
structure of the animals I am now to treat of, • 
the Tortoise-tribe, to have suspected that this 
function was not performed in tiiem as it is 
in us : yet these hints given by this anomalous 
structure, have either been neglected or made 
an improper use of, and the manner of their 

^3 
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respiring remains in the greatest obscurity to 
the present hour. 

Before I proceed to shew the present state 
of our knowledge on this subject, by giving 
the opinions of the celebrated anatomists and 
physiologists who have written upon it, I will 
just observe, that as the impofsibility of res- 
piration being performed in the Frog^tribe, 
in the usual manner, consists in the absence 
of the ribs and diaphragm, so here the immo«- 
bility of the whole bones of the trunk, and 
absence of the diaphragm, form the insupera- 
ble hindrance, and not a deficiency of solid 
parts as in the preceding ; for a .modification 
of the ribs and sternum here envelope the 
whole animal. 

The diaphragm, though said by some to 
exist, is really wanting. Blasius, however, 
afserts its existence, and describes it thus, 
** Diaphragma insigne admodura, oblique a 
pectoris anteriore inferioreque parte sursum 
adscendit, lateribus primo, hinc dorso firmiter 
adhoerens ; altiorem adeoque situm in pos- 
ticis obtinet, quam in anticis, contra ac in ho- 
mine, canibus bobus aliisque animalibus ob- 
servamus, ubi anteriora sublimem majis locum 
habent posterioribus, Membranosum hoc to-» 
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. tumnoCativ* dmiliter ac in a\ibus v^rm^ch- 
prehendimus, nullis Hhxis camei$ manifest^ 
gaudens. Disdnguit equidem Itboracem 9 
ventre inferiore, ast non utin animalibw alus: 
Pvlmones enim cum hie sese in hoe Qt^gifSt 
quam illo yentre exhibeant magne p^ite, dia*-^ 
phrftgmate haud includuntur, imo vix aliqusi 
parte. Extendit se supra hepar partesque a|ia$ 
ipsi adsitas, usque ad vesicam urinariam cqi 
valide adeo unitur tola superficie superiore ut 
Uifix nisi magno artificio seperari queat* Su- 
perius pericardio jungitur." But I am con^ 
vinced he has taken the peritonaeum for it. 
I have sought for it in vain, as well as other 
2ootomists: neither Gotwald nor Wallbaum 
has observed it, and the French academi- 
cians who difsected one near five feet long, 
say, that ** la tortue a non seule'ment son 
ecaille, qui lui tient lieu de thorax, absolu- 
ment immobile, mais nous ne lui avons 
trouv6 ny de diaphragme^ n'y d'autres parties 
qui puifsent supplier a ce mouvement.'* 

This deficiency of the requisite mechanism 
for respiration, has led some physiologists to 
explain this important function upon princi- 
ples inconsistent with 3ound physiology, ana- 
logy, or experience* Perault attributes the 
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expansion of the lungs, and consequent inspi* 
ration to the elasticity of the membranes form- 
ing their cells ; and the expiration to the com- 
prefsion of muscles, of which, he says, these 
animals have plenty, *• apparement,*'he sa3rs, 
** il est necefsaire de supposer que llnspira- 
tion se fait par le refsort des ligamens durs & 
fermes qui composent les mailles qui ont €t6 
decrites : ensorteque, lorsque les muscles qui 
peuvent comprimer le poumon viennent a se 
relacher, les ligamens s*etendent & elargis- 
sant les ouvertes de toutes les vefsies, aug- 
ment la capacite de tout le poumon." 

Varkier boldly alserted that the whole 
procefs of respiration, both exjuraticHi as well 
as inspiraticM, was efiected by the lungs 
themselves alone, by the means of their mus- 
cular texture ; as a muscular net w<^k sur- 
rounded them, by which means they could 
respire by the alternate delatation and cosx" 
traction of the velsicules, without the aid of the 
other instrmnents of res^nratioii. He says,* 
^^ Je panrins a me denxHitrar a moimeme 
que le poumon de la tortue ctoit entoore d*un 
reseau miBcuIaire que par ce moyen il etoit 

* la tbe Memoirjtf at la Sitciiti it Jtzifcmt. 
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parfaitement irritable, quil avoit une action 
propre^ independente des autres agens de la 
respiration & quil pouvoit inspirer par lui 
meme;'* and soon after adds, ** le muscle 
du poumon de la.tortue qui produit unmouve- 
'ment convulsive,*' and then says that, 
** dans la tortue le poumon est cellulaire ; 
les cellules se correspondent comme dans la 
grenouille ; le muscle enveloppe toute la 
mafse, & en se contractant la remue toute 
cntiere ;'* and concludes his memoire by say- 
ing, ** le poumon est un organ actif ; quil 
est le premier & le principal agent de la res- 
piration, & que cette fonction depend comme 
duns les amphihies^ de la dilatation &f contract- 
tion alternative des vejsicules qui determinent 
alternativement la contraction des muscles 
inspJrateurs & expirateurs, & cela independa- 
ment de la volonte/* — Admitting the lungs 
to polsefs this muscular texture, which could 
not be perceived by Haller, and the best ana- 
tomists, they would still be ill adapted to in- 
flate by their own power. 

We learn through the transactions of the. 
royal academy of Paris, *" that it was the 

* L'Histoire de rAcademie pour, 1699^ P^g® 3^* 
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opinion of Monsieur Tauvry, that theybreath*- 
ed only in walking. ** La tortue est en- 
firm^ entre deux ecailles immobiles^ & elles 
ii*a d^ailleurs aucun diaphragme qui puifse 
servir a une comprefsion alternative des 
poumons. Dans cette difficulte d expliqucr 
sa respiration. Monsieur Tauvry s'est avisfe 
d*en raporter la cause au mouvement du 
marcher ; quand la tortue est en repos, sa 
tete &: ses pies sont retires sous TEcaille six- 
perieure, & la peau qui Tenvelope entieremcnt 
est plifsee, mais quand Tanimal marche, il 
pouse au de hors sa tete &c ses pies ; sa peau 
s'etend puisqu'elle est tiree par ces parties, & 
par consequent elle forme interieurment un 
plus grand espace,& c'estdanscet espace vuide 
que Tair exterieur est oblige d'entrer." This 
explanation, which is very anomalous with 
every thing we know of this function in 
other animals, I put to the test of the follow- 
ing experiments, which proved it erroneous* 

I took the Testudo orbicularis in its con- 
tracted state, and wrapt it up in paper, bind- 
ing it all round with bondages so fast, that 
the testa and sternum were brought so near 
before, as not to admit the exit of the head : 
I then made an aperture in the paper opposite 
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to its nose, and thus deprived of every mo- 
tion, I placed it before the flame of a candle, 
yet I found not only that it blew the flame, 
but sometimes so strongly as nearly to ex- 
tinguish it. This experiment, though con- 
clusive against the opinion of Tauvry, I 
strengthened by another : in this I kept the 
legs out, binding them very firmly under the 
sj:ernum, the head being contracted as before, 
yet I still observed that it breathed, and as in 
the former experiment, sometimes with great 
force. The respiration, therefore, of the 
Tortoise has no. more connection with its 
other motions than that of other animals. 

But Morgagni, who was, as I have men- 
tioned in the second difsertation, acquainted 
with the manner of respiring in Frogs, which 
I have given in detail, supposes that the 
Tortoise respires in the same manner ; for 
speaking of the Frog, he says, * ** Inspira- 
tio autem iis instrumentis per quge inferior 
buccae pars araplificata, & mox contracta 
aerem in pulmones compellit," and then 
adds, *' quin imo id ipsum, dum fluvialem 



* Morgagni adversaria AnalomiG^ V. aninaad. 29. 



92 PHYSIOLOGY OF 

quandam testudinem vivam inciderera, obser- 
vavi, invenique, totam earn partem quae 
intra cavitatem mandibulac inferioris est, 
multum pofse extrorsum curvari ut hinc aer 
immitti pofset, pulmones vero fibrarum rete 
firman, ut hinc aer vicifsim pofset re- 
mitti." 

Notwithftanding the high reputation of 
Morgagni, I must difsent from the opinion of 
the Tortoise respiring like the Frog. I will 
not say that none of the genus do respire in 
this manner, as I have had no opportunity of 
examining any of the Turtles. I wish to be un- 
derstood, as sipeaking of the Testudo or Bicular is ^ 
my observations having chiefly been confined 
to this species, though I think I may say the 
same of the graca and palustris. Yet the 
opinion of this celebrated man is supported by 
Goiter and Varnier saying, that, after the ster- 
num is taken off, and the lungs are laid bare, 
the animal can still inflate them. But if after 
the sternum was taken off, the peritonaeum cut 
through , and the lungs laid bare, these appeared 
to Goiter and Varnier to inflate, this might not 
have proceeded from any power residing in 
the lungs themselves, nor from any air being 
impelled into them by the muscles of the 
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throat; but by the parts in contact with them, 
as the neck before, and the muscles behind^ 
(which I shall soon describe,) shortening 
them, in which case they would appear more 
distended, though the quantity of air within 
was not encreased. 

The Tortoises which I opened I never 
observed to inflate their lungs as the Frogs do ; 
nor did the anatomists mentioned by Valentin!* 
observe it, for they say, ** Pulmones enim 
deprefei remanebant, nee inflabuntur ab ilia 
aeris attractione, quod fieri potuifset tamen ab 
animali adhuc vivente licet capite truncato, 
^uod ego subito, antequam aperiri curarem, 
abscindi jufseram/' Yet adds, ** Vitales au- 
tem haec testudo actiones habuit hone spatio 
absque corde sed et absque capite : nam pedes 
movit ad tactum nostrum et sine eodem quo- 
que retraxit." 

These are the opinions of the older ana* 
tomists ; and amongst the modems I know of 
none who have said any thing on this sub- 
ject. Being difsatisfied with them, I enter- 
ed into the investigation by actual observa- 



Valentini Amphitfaeatrum Zootomicuni, p; 229* 
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tion, and c^ned one for this purpose. The 
sternum being taken off with great care, the 
periosteum presents itself as a strong white 
membrane like parchment ; when I had cut 
through this, I found many muscles inserted 
into it, particularly over the scapula and os 
puhis, which in the contracted state of the 
animal are not far asunder. Just above the 
OS pubis, it is connected to the peritonaeum ; 
by this means these bones, withdieir muscles^ 
are enclosed as in a bag, having the perito- 
B9eum beneath, and the periosteum above; 
the scapulae and their connected bones asad 
muscles are enclosed in the same manner. 

The peritoneum being cut through, and 
the intestinal canal liver, &c. removed, the 
lungs, consisting of two lobes, are seen cover- 
ing nearly the whole of die testa ; they are 
cellular as in the Frog, and consist of two 
l(^)es, one on each side of the spina dor si ^ 
each of which is subdivided into four or five 
indistinct lobules. The cellular texture of 
these is not uniform ; the cells of the mid- 
dle lobules being the smallest, and those of 
the last lobule the greatest; this lobule is 
likewise loose, not being tied down on tiie 
sides nor beneath, the rest are tied down to 
the spine. 
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My attention was socm called to observe the 

strtrctute and office of some muscles in tbe re^ 

gion of the flanks, which I tAsejred often to 

be in motion, contracting and extending lal- 

ternatdy, and though placed by the side of 

rfte hind legs, these were not moved by them* 

Further, they were placed at the end of the 

last lobide of the lungs, and they appeared tp 

retain their irritability the longest. Thi^ 

was sufficient to lead me to conjecture that 

these might be the parts, by which respira^- 

tion in these animals was performed ; and to 

see them act in their natural position I sawed 

off, in another Tortoise, that part of the sjiell 

which covers them, and I then saw them 

constantly working. One was now placed 

nearly in a perpendicular direction, and ano- 

*htt, or part of the same, was placed nearer 

iflie ttemum, lying almost in a horiz<mtal di^ 

recticm. The first in its contraction repceded 

from the testa inwards, whilst the latter, in its 

contracticHi, observed a contrary direction. 

When I attributed to them the office of 
eKpirator and inspirator muscles, which I 
supposed them to perform, I was embarrafsed, 
l^ecause I could not copcdve how a muscle 
could be a constrictor with its convex side ; 
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yet, when the expirator, by contracting, had 
receded from the shell inwards, it appeared, 
when viewed from without to be concave. But 
this difficulty ceased ^ soon ^ I had opened 
the animal and difsected the paits, for I then 
found the following admirable cqntrivance of 
nature. 

This part is composed of two distinct mus-- 
cles, with their rifings and insertions quit^ dif- 
rent, yet firmly connected in the middle by 
cellular membrane. The first rises from the 
testa near the spina dorsi (see pi. 2, let. B.), 
and is inserted into the peritonaeum ; this is 
the constrictor of the lungs, or the muscle of 
expiration. The other is nearly spread over 
the whole cavity, between the upper and un- 
der shell, where the hind legs are drawn in 
during the contracted state of the animal^ 
being inserted into the margin of the testa 
above, and the margin of the sternum below, 
(see tab. i, let. a,) 

The places of insertion of these muscles, 
and their connection in the middle being 
known, there is then no difficulty in explain- 
ing why the muscle, while acting as a con- 
strictor, appeared concave, as it was only the 
inspirator brought into tliat position by its an- 
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tagonist ; nor any difficulty in conceiving how 
they carry on the function of respiration ; , for 
the expirator being connected, as I have al- 
ready said^ to the testa below,''^ and to the 
peritonaeum above, envelopes in a manner 
the last moveable lobule of the lungs ; when 
therefore it contracts, it comprefses this part 
of the lungs, and by that means expels the 
air ; then ceasing to act, the other contracte 
and draws the former with it, thus a vacuum 
is formed, into which the air rushes as in the 
respiration of those animals which have a 
thorax. 

To prove that this explanation was well 
founded, and that the motions of these mus- 
cles were really those of respiration, I made, 
the following experiment, I fastened on the 
nose of a Tortoise a little valve made of 
white paper which coVered the nostrils, and 
with the afsistance of a friend, I watched the 
motions of the soft parts lying within the hol- 
low where the hind legs came out, and I 
found that these motions perfectly corres- 



* The animat is suppcHted to be lying* oa its back 
for difsection, 

H 
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ponded with the motions of the valve, which 
was put into motion by the expirations and 
inspirations of the animal. 

In this manner I conceive respiration 
to be carried on in the Tortoise, without, 
however, meaning to extend this explana- 
tion to the whole of the genus Testudo ; 
some families of which I have never yet 
had an opportunity to examime. These ani- 
mals will therefore materially differ from 
those of the two preceding families in the 
mode of respiring ; the air in them being 
driven into the lungs by the muscles of the 
throat, which act like a pair of bellows ; 
whilst in these it is performed by the lungs 
following the motions of their containing 
parts, and they will therefore differ from 
the animals having a thorax chiefly in the 
form and situation of the parts. 

Respiration is not, I think, the only 
office of the muscles which I have just 
described ; they are closely connected to the 
bladder, and to them I think this animal 
is indebted for the power it pofsefses of fuck- 
ing in water by the anus, as I mentioned in 
my last difsertation ; but this investigation 
I must leave to another time. 
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PLATE I. 

'Reprefents a Tortoise (Testudo orbicularis) on its bach. 

* The sternum turned back. 

•$• The peritonaeum covering the left lobe of the lungs. 

A, The muscle of inspiration nearly in its natural situa- 

tion, still connected to the testa, but separated 
from the sternum* 

B, The place of its insertion in the testa. 

C, Where it was connected to the sternum. 

a. The same muscle still connected to the testa and 

sternum, but turned back. 

b. Whe5^it is inserted in the testa. 

c. Where it is inserted in the sternum. 

D.d. The cellular membrane by which it is united to 
the muscle of expiration. 

E. e. The muscle of expiration. 

F. f. Where it arises from the peritonaeum. 

G. g. The dotted line shews where the peritonaeum cease* 

to be connected to the bladder. 
H. h. The out-line of the bladder when inflated. 
!• The middle bladder not covered by the peritonaeum. 
i. The out-line of it where covered by the peritonaeum. 
K. The right lobe of the lungs. 
L. One of the bronchia. 
M. The aspera arteria. 
N. The neck. 
O. The neck curved as when brought under the testa. 

P. Two of the muscles which draw the neck under the 

testa. 

Q. The inside of tbetesta where the fore legshave been 

R, The 08 hyoides. [cut away. 

S. Its horns. 

T. The inferior maxilla. 

V. The superior maxilla. 

W, The OS pubis. 
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PLATE IL 

Reprefents the Testa, or upperjhell of theToViTonz^ (Tes'- 
tudo orbicularis) with the muscles of respiration. 

A» The muscle of expiration* 

B* Its insertion in the testa near the spina dorsi* 

C. TerminaJ^on of the muscular fibres where they 

were connected to the peritonaeum. 

D. The same muscle turned back. 

E. The muscle of inspiration. 

F. Its insertion in the margin of the testa. 

G. Where it was inserted in the margin of the 

sternum. 
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Miscellaneous Remarks 



ON THE 



AMPHIBIA. 



VV HEN I wrote the preceding papers, I 
expected I should, at some future period, have 
had both time and inclination to extend my 
enquiries further. I was then warm in the 
pursuit, and still saw unbeaten fields lying 
before me. 

Five years have since elapsed, and now 
other studies and pursuits engage my time, so 
that I consider myself as having given up 
these researches. Yet by no means under the 
idea of having exhausted the subject, for, on 
the contrary, I think that those who will re- 
sume these enquiries, will be recompensed by 
adequate discoveries. 
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Having found amongst my papers some 
miscellaneous remarks, made at the same time 
as those which have been the subject of the 
preceding papers ; though trifling, I now lay 
them before the public. 

To different animals different means are 
given of resisting the extremes of heat and cold, 
which adapts them for exerting a more general 
usefulnefs through a greater extent of climate* 
In some it principally resides in the clothing 
nature has bestowed upon them ; in others it is 
the result of a peculiar internal organization. 
In the latter, amongst which are the animals 
now under consideration, their security arises 
from the lower state of animal life to which 
they may be reduced without any risk to life 
or injury to their organization. Life, in these, 
may be reduced to a latent state, and continue 
to exist without any of the usual pabula, till 
external causes, with their constant concomi- 
tants the requisites of life, revive the latent 
spark. 

Whilst I was engaged at Gottingen in the 
preceding enquiries, I collected a great many 
Frogs,. I think about eighty, chiefly the Rana 
temporaria. I kept them in a cellar, in a box, 
in which I placed a bowl of water. After 
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the hard frost haid set in I visited them, and 
found seven or eight dead ; these were by them- 
selves ; those which had crept together into a 
heap were alive. Their motions on being 
stirred were, indeed, very languid. Many 
of them had ice between the skin and flesh, 
which, in these animals, as I have before 
stated, is only connected in a few places, and 
water thus situated I have often found on dis- 
secting them. I placed a very sensible ther- 
mometer amongst them, which indicated only 
2 degrees under the freezing point of Reau- 
mur. I brought the dead, and three live Frogs 
out of the cellar. The dead I first placed in 
a room a little warmer than the freezing 
point, and then in a warm room, but they 
never shewed any signs of life. Of the three 
that were alive I put two in a pafsage which 
varied from 8 to i o degrees under o of Reau- 
mur, according as the street door was open or 
shut. The other, after it had been in the 
pafsage a minute or two, and was still able to 
move its limbs, I placed in my warm study* 
This soon recovered its activity, and lived. 
The other two, which I had left in the pas- 
sage not above an hour, were totally deprived 
of tlie little motion they had previously pos- 
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sefsed* One, on being removed to my study, 
after some time shewed some feeble signs of 
life, but soon died ; the other continued per- 
fectly motionlefs and dead. 

Three or four days after this, I again vi- 
sited the cellar. I then found all the frogs 
frozen together. Some that were undermost, 
though glewed to the others, had their fore- 
legs pliant and could feebly move them. I 
brought the box with its contents into a room 
about 2 or 3 degrees of Reaumur above the 
freezing point. Several shewed signs of 
life, but only ten recovered, and most of those 
died within a week : such was the havock 
done by the cold. Yet this was but very 
moderate ; never exceeding three degrees of 
Reaumur under o, or the point of congelation. 
For the following morning, when the frost 
had had one day more to penetrate into the 
cellar, though the thermometer hung out at 
my window was 19 degrees under o, yet 
in the cellar it was only 3 under o ; and 
19 or 20 degrees, which indeed is very great, 
was the severest cold we had then had at 
Gottingen in the severe frost of 1 794. 

Hence it appears that these animals are 
unable both to keep off or to support. the mo- 
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derate degrees of cold to which most hot- 
blooded animals are annually exposed, and 
which they, by their cloathing and faculty of 
generating heat, are able to resist ; and they 
could not exist in many of the climates of 
which they are numerous and useful inhabi* 
tattts, had they not been instructed by nature 
. to conceal themselves in ponds and ditches, 
where the temperature of the earth, which in 
all the temperate climates is considerably above 
the freezing point, moderates the rigour of the 
atmospheric cold. 

I have fished these animals out from under 
the ice in a very languid state, and what is 
remarkable, I have seen them under the ice 
in this languid state, carrying on their amoiurs, 
as if their first sensation of returning life, on 
the approach of spring, was animal desire. 

It is a well known fact that the thumbs of 
the males of the Frog-tribe become very rough 
and black like chagrin in the season of their 
amours, and it is equally well known that this 
is to afsist them in adhering to their females, 
but I know not whether the singular brawny 
fore legs of the males have been noticed. In 
general the females in the Frog-tribe are larger 
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than their males, and their hind legs are in 
proportion to their bodies ; yet the fore-legs of 
the males, and particularly of the Rana tem-^ 
poraria^ are very considerably bigger than 
the females. It is obvious that this is to ena- 
ble them to adhere to their mates, nor indeed 
will it seem to be an unnecefsary gift if we 
attend to the continued force which they ex- 
ert in their embraces : and adhesion to the 
female is not the only reason of this prefsure* 
I have observed, on killing a male Frog by a 
blow on the head, that the fore-legs con- 
tracted with spasmodic violence, in the same 
direction as in the act of their amours, whilst 
no similar contraction took place in the fe- 
male when treated in the same manner. 

In the selection of characters for the dis- 
tinguishing of natural objects, naturalists are 
right to employ those which are most obvious, 
in preference to those which require microscopic 
or anatomical investigation; yet will these 
often indicate natural affinities, which are 
never to be omitted in the study of natural 
history. 

In the bony structure of the Frog-tribe I 
have observed considerable difference, par- 
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ticularly in the anterior part of the thorax. 
The Bufones, or Toad-tribe, the first family 
of Linneus, have no superior or inferior os 
ensiforme, but the clavicular bones lap over 
each other in the middle, are loose and play 
upon each other. This structure is most pro- 
bably given them as being animals that move 
by walking. 

The Ranae proprie dictae, tlie common 
Frog-tribe have both a superior, and inferior 
cnsiform bone, and their clavicles are not 
loose in the middle but fixed ; these leap rather 
than walk. 

The Hylae or Tree-Frog-tribe, of which 
wehave none in ourisland, have the ensiform 
bones of the common Frog, with the loose 
clavicles of the Toad: these both leap, creep^ 
and climb. 

In the skeleton of the Lizard-tribe I have 
observed efsential differences in different fa- 
milies ; and even the species to be often dis- 
tinguishable by minuter differences. But as 
I have had occasion only to examine a few, 
I sliould not think my observations on them 
worth relating were I not now on the subject. 
The Salamimdrae, for instance, as I have al- 
ready observed, differ from the Ameivae by 
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being destitute of ribs. They differ likewise^ 
in their scapulae and clavicles. These in the 
Salamandrac are ofa very singular conformation, 
they are both but cartilaginous appendices of 
the OS humeri, to which they are immoveably 
fixed. The Lacerta Salamandra may be dis- 
tinguished from the L. Lacustris, though of 
the same family, by the os hyoides and its 
appendices, which in the former is intirely 
cartilaginous, in the last ofseous; but lest 
these remarks should appear tediously minute 
I will terminate them. 

I find a difference in the opinions of some 
celebrated anatomists relative to Serpents hav- 
ing one or two lungs. Thus, Morgagni, in 
his Adversaria Anatomica, 5, animad. 29, 
differs from Veslingius, who, it seems, afsert- 
ed he had found them double in the Viper. 
Morgagni 3ays, num vero baud absimili rati- 
one defendi pofsit quod de Viperte pulmone 
scripsit Veslingius : in eum videlicet *' dupli- 
ci distractam ramo asperam arteriam delabi :" 
alii viderent ; nobis enim, qui multo plures, 
viperas, quam ranas secuimus, nunquam cer- 
te datum duplicem istum ramum videre; cum 
et ipse viperae pulmo simplex sit, id est unus 
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oblongus lobus ex innumeris primum circum 
circa quasi vesiculis in favi modum apertis, 
deinde ex una magna continuata vesica ma- 
nifestifsime constructus. 

And Mr. Blumenbach supports the opinion 
of Morgagni in his Spec. Physiol. Compar. 
inter Animant. Cal. & frig. Sang. He says, 
page 76, " Unicum dehique saccum in 
totum cavum et insignis magnitudinis consti- 
tuit pulmo natricis : et ut ex aliorum anatomi- 
corum consensu patere videtur scrpentium in 
universum omnium." 

This difference of opinion may probably 
have arisen from Veslingius, and others of the 
fame opinion, mistaking some Serpent for a Vi- 
per, which really was not one, and anatomists 
are not always naturalists. I have examined 
but few, but believe the lungs of most serpents 
to be simple ; yet in the Anguis fragilis, I 
found them double ; whether they are double 
in the whole genus of Anguis, which has an 
external affinity with the Sepes or Ameivae of 
the genus Lacerta, in which they are double, 
must be determined by observation. 

When the species of any genus of natural 
bodies are numerous, it is requisite that it 
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should be subdivided into tribes or families ; 
this greatly facilitates investigation, and 
obviates the necefeity of creating new genera. 
I find the genus Testudo, in ProfefsorGmelin^s 
edition of Linneus, divided into three fami- 
lies — viz. into the Marinae^ pedibus pinni^ 
formihus ; the Fliiviatiles^ pedibus palmatis testa 
cum sterno tfiemhrana juncta^ and the Terres-- 
tres^ pedibus clavatis unguiculatisj testa com- 
mifsuris ofseis cum sterno juncta. 

These are very natural divisions and ac- 
companied by proper characteristics. But 
from a Tortoise I received from Glasgow, 
and which I believe came from Jamaica, I 
think the genus must be divided into four 
families ; for this, which probably was 
the palustrisy had the palmated feet of the 
Fluviatiles^ with the testa and sternum con- 
nected as in the Terrestres. This fourth fa- 
mily should be thus characterized : Pedibus 
palmatis testa commifsuris ofseis cum sterno 
juncta ; and if no more appropriate name oc- 
curs to those who have an opportunity of ob- 
serving their habits, this family may be de- 
nominated the amphibia ; as probably the 
union of the structure of the families, .the flu- 
viatile and terrestrial, may adapt them to ^ 
more amphibious life. 



THE AMPHIBIA. 113 

I will terminate these miscellaneous re- 
marks on the amphibia by the following ob- 
servations. Whilst I was engaged in these in- . 
quiries, I kept a considerable number of water 
lizards in a jar, which I fed from time to 
time with worms ; if they were in the greatest 
stillnefs and I dropt in a worm ever so gent- 
ly, they all immediately began to fight, each 
attacking its neighbour and seizing it by the 
foot or tail. This was not a contention for 
the worm, which often lay for a short time 
unnoticed, but it originated, rather, in the 
acutenefs of their sense of smell, which im- 
mediately informed them of the presence of 
their food, and in the dullnefs of their dis- 
criminating powers. This is similar to what 
I have invariably observed in Frogs and 
Toads, which will suffer their natural food 
to remain before them untouched, yet seize 
it instantly on the smallest motion it makes. 
It was from a knowledge of this instinct that 
I was able in winter to feed my constant 
companion and favourite pet, Musi dor a. 

Before the flies, which were her. usual 
food, had disappeared in autumn, I col- 
lected a great quantity as provision for 
winter ; when I laid them before her, she 

I 
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took no notice of them, but the moment I 
movecl them with my breath she sprung 
and ate them. Once when flies were fcaice, 
I cut some flesh of a Tortoise into small pieces^ 
and moved them by the same means, she 
seized them, but instantly rejected them bom 
her tongue. After I had obtained her confi- 
dence, she ate from my fingers dead as well as 
living flies. 

Frogs will fly at the moving fhadow^ of 
any small object, and both Fr<^ and Toads 
will soon become so tame as to fit on one's 
hand and be carried from one side <^ the 
room to the other, to catch the flies as they 
settle on the wall. At Gottingen, I made 
them my guards for keeping these troublesome 
creatures from my desert of fiiiit, and tliey 
acquitted themselves to my. satisfaction. I 
have seen the small Tree-Frogs eat humble 
bees, not indeed without a battle ; they 
are in general obliged to reject them, being 
incommoded by their stings and hairy rough- 
nels ; but at each attempt the bee is further 
covered with the viscid matter from their 
tongue, and is then easily swallowed. 

Nothing appears more aukward and lu- 
dicrous than a Frog engaged with a large 
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worm or little fnake } for nature seems to 
have put a restraint upon their voracity, by 
forming them veryinapt to seize and hold their 
larger pray. One of my largest Frogs, whe- 
ther the Rana temporaria, or esculenta, I for- 
get, swallowed in my presence an Anguisfra- 
gilis uear a span long, which, in its struggles, 
frequently got half its body out again ; when 
completely swallowed, its contortions were 
very visible in the flaccid sides of the con- 
queror. 

I am exceeding sorry to terminate these re- 
marks by informing Musidora*s friends (for 
>^he bad many) that she is no more. She sick- 
ened soon after she reached Great Britain, and 
diaed in the night of the 25th of June, 1794 ; 
probably her death was occasioned by the sea 
air during her voyage from Hamburgh to 
Edinburgh. 



1 2 
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Structure of the Bill of the Crofs-Beak. 
The Loxia curvirostra* 

JL O read the works of delebratcd men merely 
with a view to detract from their merits, and to 
hold up their trifling errors as samples of the 
general tenor of their writings, is invidious 
and unjust. But when vanity and an unreason- 
able desire of popular applause, lead the man 
of fcience to quit the cool sagacious research 
and the simple language becoming the digni- 
ty of his pursuit, and, disregarding the appro- 
bation of the just distributors of fame, courts 
that of the multitude, and in brilliant diction 
pafses off his hasty speculations for the result 
of inquiry, I think his vain reasoning may 
be held up to derision, and his errors be con- 
demned to literary punishment. I trust 
therefore, jn elucidating the following curi- 
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ous subject, which the French Pliny has 
treated in a very . carelefs manner, not to be 
censured as a literary detracter* 

A few years ago, when I was at Gottin- 
gen, I kept several Crofs-beaks, which, by 
kind treatment, soon becoming tame, I suffered 
to be loose in my study. I had thus constant 
opportunities of observing them, and as often 
of admiring their docility and sagacity ; but 
the singular structure of their bills chiefly en- 
gaged my attention. The bills of some of 
the feathered tribes are so irregular in their 
form, and so preposterous in their size, that 
one would almost think that nature had not 
ihewn her usual kindnefs towards them, but 
had, in derision, instead of giving them a use- 
ful instrument of nutrition and defence, loaded 
them with an awkward and unseemly protu-^ 
berance, to make them the scorn of their 
companions. Yet those who have attentively 
considered the structure of animals, and their 
offices in the great economy of nature^ 
though they may have been often struck 
with some apparent irregularity or defect, yet 
will have found, upon attentive observation, 
that they are well adapted to their destina- 
tions. 

^3 
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ThcAlgh the bill of the Crofs-beak does 
not excite the idea of preposterous singularity, 
like that of the Rhamphastxos and the Bucc^ 
ros, and some others, yet it is not lefe singu- 
lar. It is unique, for it is the only one in 
which the two niaxillse or mandibules, instead 
6f lying straight, the one upon the other like 
the&ngs of a pair of pincers, pafs for a con- 
siderable part of their length on the side of 
each other like the blades of a pair of scis- 
sars: the upper maxilla or mandtbule to- 
wards the point being inclined to otie side, 
jand the inferior inclined to the other* 

This singular structure indicates a pectin 
liar destination ; but it is not that of OKrtting 
off twigs, as some have supposed from tbek 
similarity with scifsats, but for procuring Ahcar 
food by the following addrefs. The great 
pine forests, such as that of the Hartze in 
Germany, are the natural places of xesidence 
of the Crofs-beaks, and the seeds of the cones 
of these trees their food, and it is to pull out 
the seeds from between the squama, or scales 
of the cones, that this structure is given them* 
Their mode of operation is thus : they first 
lix themselves acrofs the cone, then bring the 
points of the maxillae from their crofsed or 
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lateral pofsition, to be immediately over each 
other. In this reduced compafs, they insi- 
nuate tlieir beaks between the scales, and 
then opening them^ but not in the usual 
manner but by drawing the inferior maxilla 
side-ways, force open the scales or squamae ; 
they then bring the points of the maxillae 
over each other, and pick out the seed in the 
same manner as if the bill had the usual 
form. 

The degree of this lateral force is surpris- 
ing, and they are fond of exercising it for 
mere amusement ; they are therefore not a 
little mischievous. My pets would often 
come to my table, whilst I was writing, and 
carry off my pencils, little chip boxes in 
which I occasionally kept insects, and other 
similar objects, and tear them to pieces in a 
minute. Their mode of operation is by first 
pecking a little hole, in this they insert their 
bill and then split or tear the object by the 
lateral force. When I treated them, as I 
, often did, with * almonds in their shells, they 
got at tlie kernel in the same manner ; first 
pecking a hole in the shell, and then enlarg- 
ing it by wrenching off pieces by the lateral 
force. 



120 ON THE BILL 

Notwithstanding Mr. BufFon s aisertion to 
the contrary, they can pick up and eat the 
smallest seeds, such as poppy seed ; with this 
indeed the dealers in Birds in Germany com- 
monly feed them, and they shell or husk hemp 
and similar seeds like other Birds ; so well 
contrived and useful is this singular beak* I 
ought now to give the anatomy of it, and I 
wish it were in my power ; but on the muscles, 
by which the motions I have spoken of are 
performed, I find scarce any memorandums in 
my port folio ; and I perceive I can do little 
more than give the bony structure. This is 
remarkable. The two sides of the inferior 
maxilla are not equal and similar, but that on 
the side to which the mandibule inclines is the 
straightest; the opposite side being rather 
convex. The sides vary at the condyles, but 
in so small a degree that I can hardly point 
out the difference. The socket which re- 
ceives the rounded procefs of the upper jaw is 
evidently lefs deep on the straight side, this 
is to permit the partial dislocation which al- 
ways takes place when the lateral force is 
used ; for then the termination of this side of the 
jaw is drawn considerably backward, wliilst 
that on the other side keeps its place ; this is 
vcrv^ sensible in the living Bird, 
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Of the muscles by which these motions are 
performed I can only say, that there are ribne 
additional or extraordinary for the purpose ; 
but the temporal, and the digastric which is 
connected to the end of the jaw, are rather 
stronger on the straight side. Both of these 
may have considerable power in drawing this 
side of the maxilla backward, and laterially, 
as well as downwards; and most of the 
muscles that move the lower jaw towards the 
upper, seem to be so situated, as, by the relax- 
ation of the same muscles on the other side, 
accompanied by the contraction of the Ptere- 
goide of the same, to draw it laterally in their 
contractions. 

I must observe that in different individuals the 
maxillae crofs differently. In some the superior 
maxilla being on the right, in others on the left 
side. Yet in the same individual it always 
remains the same, just as in lobsters, in which 
sometimes the great claw, with its peculiar 
teeth, is on the right, sometimes on the left side. 

Such is the structure, and such the uses of the 
bill of the Crofs-beak; yet the celebrated Buf- 
fon,withoutthe smallest marks of diffidence,has 
given the following account, as void of sound 
philosophy as of the knowledge of facts. 
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L'e^ce du Bec-cioise est tres voisine de 
celle du gros-bec, ce sont des oiseaux de ineme 
graadeuTy de meme figure, ayant tous. deux le 
meme naturel, les memes appedts, et ne difie-- 
rant Tun de Tautre que par une espece de dif- 
formite, qui se trouve dans le bee ; et cette dif- 
formite du bec-croise qui seule distingue cet 
piseau du gros-bec, le separe aufsi de tous les 
autres oiseaux; car il est Tunique qui ait ce 
caractere ou plutot ce defaut ; et la preuve 
queerest plutot un defaut: une erreur de nature, 
qu'un de ses traits constans, c'est que le type 
en est variable; tandis qu 'en tout il est fixe, 
et que toutes ses productions suivent une Idi 
determinee dans leur developpement et une 
regie invariable dans leur position, au lieu 
que le bee de cet oiseau se trouve croise tantot 
a gauche et tantot a droite dans difi^rens indi- 
vidus. Et comme nous ne devons supposer a 
la nature que des vues fixes et des projets cer- 
tains, in variables dans leur execution, j*aime 
mieux attribuer cette difference de position, a 
Tusage que cet oiseau fait de son bee, qui 
serait toujours croise du meme cote si de cer- 
tains individus ne se donnaient pas Tliabitude 
de prendre leur noiuxiture a gauche au lieu de 
la pendre a droite; comme dans Tespece 
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humain on voit des personnes se servir de la 
main gauche de pr6f6rence a la droite. 
L'ambiguit^ de position dans le bee de cet 
oiseau est encore accorapagnee d'un autre de- 
faut qui ne peut qiie lui etre tr^s incommode ; 
c'est un exces d'accroifsement dans chaque 
mandibule du bee ; les deux pointes ne pou- 
vant se rencontrer, Toiseau ne peut ni becque- 
ter, ni prendre de petits grains, ni saisir sa 
liourriture autrement que de cote ; et c'est par 
cette raison que s*il a commence a la pendre a 
droite, le bee se trouve croise a gauche, et 
vice versa* 

1 need make no comment on this descrip- 
tion; it is characterised by strong marks of 
error, carelefsnefs, and presumption. ^ 
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On thejinal Cause of some Animals heing White 
in Winter and in Northern Climates. 

Though the naturalist should be cau- 
tious not to be led from solid research and 
sound doctrine to vain and presumptuous spe* 
culation, yet, in many of his inquiries, heshould 
keep final causes in view ; they not only give 
a dignity to his study, but lead to discoyeries; 
for the naturalist must sometimes inquire into 
the means by which nature accomplishes her 
plans, and sometimes, from a knowledge of 
the means, find out her designs. 

So rare is the white colour amongst animals, 
that in general it is considered as the effects of 
domestication, or enfeebled constitution ; yet 
it is well known that there are some animals 
in the high northern latitudes, and upon the 
snowy regions of mountains of milder climates, 
which are perennially white, and others that 
change their colour with the season, being 
white only during the winter. 

The Polar Bear, which lives' amidst ice 
and snow, and the Arctic Fox, an inhabitant 
of a similar climate, are perennially white; 
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whilst the Ermine, and the variety Nivalis 
of the common Weasel, w^ith the variable 
Hare and the Ptarmigan, both inhabitants of 
the Scotish Alps, change their colour with 
the season. 

What are all the advantages accruing from 
this colour I shall not attempt to afsign. It 
appears probable, to me that the principal use 
is, that, in this light coloured clothing, they 
may lefs attract the rays of the sun, which 
would thaw the ice or snow on which they 
repose, and the falling snow resting upon 
them, which, by wetting them, would chill 
them, and by freezing, upon the withdrawing 
of the sun, either load them with ice or freeze 
them to the ground. 

It is a well known fact that dark coloured 
bodies become hotter than those in a similar 
situation of a lighter colour. This has been 
ascertained by accurate experiments with the 
thermometer ; and it seems, from Mr. 
Saufeure's Voyages dans les Alpes^ that the , 
Swifs peasantry know how to apply this pro-^ 
perty of dark coloured bodies to practical use ; 
for Mr. Saufsure, enquiring of some country 
people whom he observed scattering mould or 
soil upon their ground covered with suqw. 
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was informed that they did it to hasten the 
melting of the snow. 

If it be asked, why then is not the common 
Bear, which is found in very northern climates, 
and the Marmot, which lives amidst alpine 
snows, favoured with the same advantage; 
without pretending to afsign the certain reason, 
it may be observed that these animals, during 
winter, rove not about for prey, but remain torpid 
in their holes and cavetns, whilst the former, 
not having this torpid habit, are compelled by 
hunger to seek their food over the most bleak 
and stormy districts. And it by no means 
follows, that if this colour is a real advantage 
tb them, that other animals of the same climate 
should likewise be favoured with it. This 
would probably rather destroy the equality 
than constitute it; for to different animals 
different means of offence, defence, and pre- 
servation are given. Horns to the Bidl, hoo£i 
to the Horse, tusks to the Boar, and teeth to 
the Lion ; but fear and speed to the Hare ; and, 
each being thus provided, the just economy of 
nature is kept up, but if cunning and skill, and 
speed and strength, and arms were to be center-^ 
ed in one, though some species might be fevour- 
ed the police of nature would be destroyed. 
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On the Structure of the Husk of the O AT* 



The curious structure of seeds has often, 
been noticed ; and the various appendages of 
many of them, by which scmie are adapted^ 
amongst other purposes, to be transported by 
winds, and others to be conveyed on the surface 
ofstreamsand rivers^ to distant parts : but I know 
not whether the contrivance of the husk of the 
animated Oat, (avena gigantea) by which it 
is adapted to fow itself, has been fufficiently 
€^)served ; for, though the twisted structure of 
its awns, and their consequent fitnefs to serve 
as hygrometers, by their twisting and untwist^ 
ing according to the drynefs or humidity of 
the air, is well known, yet their principal 
use, together with the bristly beard which 
surrounds the base of the husk, has not, to 
my knowledge been attended to ; and it is the 
conjunction of tliese two which gives it the 
power I just mentiojiedr 
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This intention of Nature is accomplished 
in the following manner. The awns, which 
are long and bent, in the middle, untwist, as 
it is well known, by humidity, and twist 
again in siccity. With the changes therefore 
of the atmosphere (which are frequent, from 
the moisture of evening dews and noc- 
tumal damps, succeeding to the drynefs of 
the mid-day sun, which on its retiurn again 
dispels these damps) the awns move, and 
as they are bent in the middle, when- 
ever they twist or untwist, the upper part de- 
scribes a circle, strikes againstthe neighbouring 
objects, and against the soil on which they 
r^st, and move the whole seed and raise it 
from an horizontal to a more or lefs sloping 
direction. But the awns only move the seed ; 
they do not give it progrefsion. It is the 
beard that directs the motion, and renders it 
progrefsive, and this power is the consequence 
of the most simple contrivance ; merely of the 
direction of the bristles of the beard, which 
are in an oblique direction from the base up- 
wards. In consequence of this direction, 
whenever the oat is moved, if it lies upon a 
rough uneven surface as the soil or grafs, the 
beard catches in the little inequalities, and at 



HUSK AND SEED OF THE OAT. ' 129 

every motion creeps a little forward, but 
never backwards, as the direction of the 
bristles prevent it. And whether the awns 
twist or untwist the motion is equally pro- 
grefsive, as it is the beard alone which gives 
progrefsion to the motion. 

Thus, by this simple structure, is this seed 
enabled to sow itself, and thereby to perpetuate 
its species. This power is not merely conjec- 
tural, and only supported by the appearance 
of the structure. I found it stand the test of 
experiment. I put one amongst the hair or 
bristles of a clothes brush, and anotlier in a 
thick bunch of box, and, being exposed to al- 
ternate changes of drynefs and humidity, they 
made their way through each. 
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On the Cause of Objects appearing single^ 
though vinved with both Eyes. 

Several very celebrated philo56phel:s 
have inquired into the reason why objects 
appear single when we view them with both 
eyes, but hitherto, I believe, not with the suc- 
cefs to which their ingenuity had a claim. The 
inquiry, as well as the want of succefs in the 
elucidation of the subject, seems to me to have 
arisen from a misconception of the nature of 
our organs of sense. The following remarks, 
I think, will throw some light upon it, by 
shewing the analogies between the sense of 
sight, and our other senses, and further than 
to trace up this apparent anomaly to a gene- 
ral law of our economy, I do not presume. 

If we attend to our organs of sense, we 
shall find that none of them lead us to think 
that the perceptions which we know to be 
created through their means, are felt in them^ 
the sense of touch excepted. Except this 
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. sense, they all, as simple organs of their re-- 
spective senses, create in us their proper per- 
ceptions without producing any sensation in 
the organs themselves by whose means they 
are received ; just as the muscles of the body 
execute their several functions, without in- 
forming us of their useful ministry ; for we 
do not know, by sensation or instinct, the 
muscles we hourly employ, not even the vo- 
luntary jnuscles, and no more do we know 
the primary sources or organs of the sensa* 
tions we feel. The perceptions are not felt 
in the organs, but only in the mind, which 
never refers us to the organs,, but, as I said 
before, in the sense of touch. Hence it must 
follow, though none, who are capable of re- 
ceiving knowledge by the tuition of experi- 
ence, are ignorant that they see with their 
eyes and hear with their ears, that this is not 
from any sensation excited in them# 

No sensation being then perceived in the 
primary sources of vision, any more than in 
our other organs, we in consequence know 
not with which eye we see any object, in so 
much that were one of them to be instantly 
affected by a gutta serena, unattended with 
pain, we should not be conscious of it. It 

K 2 
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must be further observed, that, as each mi- 
nute part of the surface of our body is a com* 
plete organ of the sense of touch, so is each 
part of all our other oi^ans ; so that pot only 
each retina, but each part of it, is a complete 
instrument of the sense of sight, and as such 
conveys to the mind not a mutilated but a 
perfect image ; perfect so far as its form and 
extent or qualitas extensiva ; each little part 
of the retina, on which the image of the ob- 
jects of sight falls, producing all the effect 
of the entire retinae of the two eyes. 

So far, therefore, as concerns one object, 
one part only of the retina, viz. that affect- 
ed by the image, performs all the office of 
the whole retina, and the other parts are of 
no use, but to receive the impreflions from 
other objects. And just as we can and do 
see, at the same time, with one eye, all the 
separate objects which come within the field 
of vision of that eye, each object (so far as the 
qualitas extenjwa) in its integrity, without 
confusion ; so can we see, and do really see, 
at the same time, with each eye, some wholly 
separate and distinct objects, or even sets of 
objects, each eye for itself distinctly convey- 
ing its own proper images. 
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The greatest confusion would therefore be 
the consequence, if we really did receive dou- 
ble perceptions from single objects, when we 
viewed them with both our eyes, and then cor- 
rect this error, as some have supposed, by a kind 
of habit. For as a single object sepn with one eye 
ought, according to every opinion, to appear 
but as one object, and as each eye can and 
really does see some separate ai>d distinct 
objects not seen by the other ; were single 
objects to appear double, when viewed with 
both eyes, we should never know whether 
objects werjB single or double ; that is whe- 
ther we saw with each eye a separate similar 
body, that is two similar bodies, one with 
each eye, or one- single object with both eyes* 
For all lateral objects are seen but with one 
eye ; and as we never know what we see 
with one eye and what we see with two, nor 
with which eye we see jany object, nothing 
but the greatest confusion could be the con- 
sequence of the supposed original and natural 
method of seeing : this appears to me to be a 
strong objection to if. 

But we phall find equally strong objec- 
tions to this opinion, if we consider, that. 
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conformable to the other senses of our system, 
the intensity of our visual perceptions is increas- 
ed when each eye receives a similar visual sti* 
muliis ; that is, that the qualitas intensroa it 
augmented by the increase of similar imagWy 
whenever their qualitas extensiva^ or number 
is not increased. This requires no proof, 
as we all know, that, when we wish to view 
a very luminous body, as the sun, and the 
light is too strong for us, we, as it were by 
instinct, close one eye, and we are then able 
to look at it without inconvenience. That 
the intensity of sight is increased by our em- 
ploying two eyes, is beyond dispute, and this 
increase is a strong argument with me in fii- 
vour of the opinion that single objects do na* 
turally appear to us as single objects and not 
as double ; for that which increases the num- 
ber or qualitas extensiva, when corrected by 
habit or reasoning, should not increase iht 
qualitas intensiva. 

In this increase of intensity, through the 
duplicity of our organs, the sense of sight is not 
anomalous but analogous with our other senses. 
Though this sense, having, like the sense o\ 
toudi, to take cognizance of the primary qua- 
lities of bodies, as their forms and numbers, 
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it is a natural consequence of its ability to ex- 
ecute this office, that it should keep dis- 
tinct the similar forms, and to this end that 
the separate similar imprefsions of one eye 
sboiUd not coalesce or unite into one great 
cme, as in our other senses ; for every object 
is composed of parts, siome of which are simi- 
lar ^nd some difsimilar ; if then the similar im- 
prefsions of one eye should coalesce into one, 
we should not see objects as they are, but 
mutilated and monstrous. But in other re- 
^^ects the sense of sight is like the other 
senses ; for as this keeps the similar impres- 
sions of the objects of sight of one eye distinct, 
yet unites the similar of the two ; so the sense 
of hearing, where each ear is a perfect organ, 
keeps separate, that is, distinguishes the dif- 
ferent sounds heard at one time by one ear, 
yet unites into one the similar heard by the 
two ; for a sound is but one, though heard with 
both ears ; but it is more intense, that is louder 
when heard with both than with only one. 
The sense of taste keeps separate the different 
perceptions, that is, distinguishes the different 
tastes perceived at one time ; yet if a small 
part of the tongue is affected by the sweet- 
nels or saltnefs of a body, or both, though we 
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feel these perceptions, yet they are not so in- 
tense as if a greater part of the tongue wa» 
affected. In the sense of smell it is the same : 
and it is the same in the sense of touch» when 
the primary qualities of bodies are not its ob- 
jects ; for pain and pleasure, and heat and cold, 
are greater by their causes acting upon a 
greater part of the sense of touch ; though this' 
sense, like the sense of sight, having to as- 
certain the situation of bodies by referring 
each to its real situation, must necefsarily 
keep separate the similar perceptions of their 
mere presence* 

I therefore repeat, that, according to the 
economy of our system, each part of an organ 
of sense is a perfect organ, and its extent or 
number only adapts it to receive several dis- 
similar imprefsions, or to encrease the inten- 
sity of the similar. And as each specific sti- 
mulus, however faint, is as complete an im- 
prcfsion upon its own proper organ, so far as 
the qualitas extensivaj as the images on the 
retina, and as all similar stimuli, from the 
secondary qualities of bodies, only encrease 
the intensity, and not the niunber of our sen- 
sations, I can see no reason why we should 
consider the unity of visual perceptions arising 
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from single objects seen with two eyes as ano- 
malous in our system, and then invent inge- 
nious hypotheses to explain it. To me the 
sense of sight appears analogous to our other 
senses, in which we well know, that neither 
the extent or number of the organs ever mul- 
tiply our perceptions, so that had we an him- 
dred organs of each sense, objects of sight, 
and sounds, tastes and smells, would remain 
in their unity^ 



Objections against the Perceptivity of Plants ^ sBt 
far as is evinced hy their external motions. 

However sanguine we may be in our ex- 
pectations of extending the limits of human 
knowledge, we cannot avoid perceiving that 
there are boundaries which it never can ex- 
ceed. These boundaries are formed by the 
limited faculties of the human mind, which, 
though fully sufficient to answer all the pur- 
poses of common life, are often inadequate to 
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the task in which speculadon exdtei theiUf^R^ 
to engage. None ought to htl nkore the^^^^ 
truth of this observation than thote engagted in^rm J 
physiological enquiries, where the openuions^f) 
of nature are so complicated, and at the same ^^^ 
time carried on in so secret a manner^ as to^^c^i^ 
keep us ignorant of the causes of the iboU zS ^ 
common phsenomena. 

If physiologists have been unsucceisful in .tf:^^] 
many of their inquiries into the animal ecaQO«> -=** 
my, they have been still more so with respect ^^ 
to the vegetable : for how little do we know at ^"-^^ 
this day of the course of the fluids of plants, « 
and of the power by which they are moved! ^ 
Are we not in our knowledge of the vegetable ^ 
kingdom, where we were near two centuries ^ 
ago in the animal, when the great Hkrvey ^ 
withdrew the veil ? 

The many beautiful analogies existing be- 
tween the two organized kingdoms of nature, 
as, their similar origin from egg or seed, their 
subsequent developement, and nourishment by 
intus-susception ; the power of continuing 
their species, the limited timeof their existence,! 
and, when not carried off by disease andprer 
mature death, pofsefsing in tliemselves the cause 
of their own destruction, have been so favour- 
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able to the supposition of the existence of a com- 
plete chain d'beings, that there appeared to the 
favourers of this opinion nothing to be wanting 
to connect them, but the loco-motive faculty; 
for irritability, from some appearances in a 
few vegetables ) had by some been granted 
them. This loco-motive faculty, which is 
considered as the consequence of volition^ 
which is an attribute of mind, it is said* is mani*** 
fested in the direction of the roots towards the 
soil which affords them their most proper 
nourishment, and in the direction of their ten- 
der shoots and leaves towards the light, which 
is likewise necefsary to their well being.— 
These facts are admitted, but not the conse- 
quences drawn firom them. 

It must indeed be allowed, that vegetables 
do on some occasions act as though pofsefsed 
of volition, avoiding those things that are 
injurious to them, and turning towards those 
that are beneficial ; thus appearing to act by 
choice, which must be preceded by percep- 
tivity, a favor that nature has granted, I think, 
to the animal world alone. The following 
facts are brought as examples.f 

* In the Manchester Transactions. t Idem. 



140 PERCEPTIVITY 

A Plane-tree, twenty feet high, growing 
upon the top of a wall, straitened for nourish- 
ment in that barren situation, directed its roots 
down the side of the wall till they reached 
the ground ten feet below. It has been amply 
repaid, it is said, for its trouble ever since by 
plenty of nourishment, and a more vigorous 
vegetation has been the consequence. On 
another occasion, a pl^nt being placed in a 
dark room, where light was admitted only 
through an aperture, put forth its shoots to- 
wards the aperture, which elongating pafsed 
through it; and this likewise was rewarded 
for its trouble by plenty of light and free air. 

That appearances so similar to those that 
are observed in animals should be considered 
as proceeding from the same cause, viz. voli- 
tion, is not to be wondered at, wheti so many 
of the inferior orders of animals hardly pofsefs 
so much of the loco-motive faculty ; particu- 
larly by men of warm imaginations, who, 
prcpofsefsed in favour of an opinion, were 
grasping at every distant analogy to support 
it. Though, as I have said, we are by no 
moans acquainted with the course of their 
proper fluids (succi proprii) or with the power 
by whirh they arc moved, nor even can say 



OF PLANTS. 141 

by what power it is the fluids^ which are its 
food, are taken in ; yet so far we know, that 
here, as in the animal economy, there i,s a 
constant change and evolution of their fluids, 
and that a constant supply is necefsary, with- 
out which they soon perish. 

This supply, so necefsary, must be taken 
in by absorption ; and it is this act of absorp- 
tion that I shall endeavour to prove to be 
the efficient cause of these motions in vegeta- 
bles, and thus exclude volition from being 
the cause of these phaenomena; for it is 
from their not having been explained upon 
mechanical principles that mind has been re- 
sorted to ; mind is in general our last resource 
when we f^ in explaining natural phaeno- 
mena. I could wish that physiologists were 
agreed upon the kind of absorption that takes 
place here, whether it is by active open 
mouthed vefsels, which, according to the 
common opinion, takes place in the animal 
economy, or by capillary attraction, which 
is the most general opinion in the vegetable ; 
but the theory I propose will accord with 
either. 

The first consideration is, that an inert 
fluid is in motion. Secondly, That, pofsefs- 
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ing no motion in itself, it owes this motion 
to the plant* Thirdly, That as action and 
Reaction are equal, whilst the plant draws the 
fluid towards itself, it must be drawn towards 
the fluid, and that in the reverse ratios d 
their respective resistances. 

Now whether this abfmption be perform- 
ed by vefeels acting as in the animal eoono- 
my« or by vefsels of the nature cf capillary 
lubes, is of little mcanent, it is only requisite 
that an absorption be admitted; iarh is evi- 
dent, that it acdon and reaction be die same, 
the ahsufaed fluids, which polaefe no modon 
in themk^lves, cannot be put in motkn by 
the i^f^enHQMUihed active veteck, wid^ 
drawn in the dicectiaD ct the flinds ahsotfaeiL 
ikt :$3N>u]d vre pc«*Hr tbe theotr wfaidi cs- 
pLd3» t^ aiiscxpcbQ iiy cspiliaiT maxAm^ 
"m^^xh ihttccy I !iju£k k d:ir emsl ipRTsJoit, 
vnc 5ib£Zl ^dui rac vxs xhe- 2Si»ar:£ w^Ms 

U. m 

^ iTdt ^ cvioes^« w-iie«!2)£r 2:rc{ikci k» tfcaiy 

5tncC«e iyirL^.:-Sc snscr^mfsc fbe saaw. 
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These principles will, I think, be suffix 
cient toexplain those appearances in vegetables 
which have served as a foundation, or have 
been considered as signs of their perceptivity 
and volition, and which, as far as I am in* 
formed^ have never been attempted to be ex- 
plained, viz. the direction of their roots to- 
wards the foil which affords them the best 
nourishment, and of the young and tendet 
fhoots towards the light : for here is an ab- 
sorption of water and light. The absorption 
of water is easily ascertained ; but that of 
light, by its subtlenefs^ eludes our experi^- 
roents, with probably many other fluids of 
great importance to the healthy state of the 
vegetable world. 

To make the connection more complete 
between the two organic kingdoms, it ha^ not 
only been said that plants move towards their 
food, like wise and intelligent beings, but that 
they likewise turn aside from those soils, &c. 
which are injurious to them, or at least af&rd 
them but a scanty nourifhment. This is a 
deception : they do not turn aside ; this appa- 
rent dereliction is only the direction and im- 
mediate consequence of their motion towards 
their nourishment, for when the root of a tree 
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or plant changes its course, on account of 
meeting with a rock, or with a hard, stiflF 
and barren clay, or other object that does not 
afford it proper nourishment, it arises not from 
any aversion to these objects, but to there 
being no attraction from absorption acting 
in that direction, but one from a more fevour- 
able soil. The feeblenefs of the resistance, and 
the consequent feeblenefs of the attraction of 
these fluids, cannot be urged against this 
theory : the motion to be explained is only 
the tendency of the nascent shoots ; no one 
having pretended that the solid wood could 
turn aside or alter its direction; and this 
power, however feeble, is always acting, 

I am not ignorant that these are not the 
only motions which are thought to announce 
the perceptivity of plants. The motions ob- 
served in the stamina and other parts, at the 
time of fecundation, the spiral direction of 
the stems of some,* the use of the cirrhi of 



* I have read and heard it more than once afserted, 
that the Lonicera and other plants with the caults volu" 
bilisf which twine either dextrorsum or stnistrorsutUf can 
change this natural direction ; so that when two Loni- 
cerae, or two branches of the same Lonicera, meet, the 
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others, and the bursting of the capsules, 
have all, with many other powers, been 
thought to favour tliis opinion. These arc 
powers naturally arising from their respective 
organizations, that nature has bestowed upon 
them for their preservation and re-production, 
and which can no more be considered as the 
consequence of volition, than the fall of their 
leaves at stated periods, their growth and de- 
cay ; which have never been considered as 
the' consequence of mind, any more than the 
increase, changes, and destruction of ani- 
mal bodies, the efficient cause of which ex- 
ists in their peculiar organization, but which 
may for ever elude our researches. 

When all is considered, I think we shall 
place this opinion amongst the many pleasing 
elfusionsof the imagination, rather than view 
it as a profound speculation of well directed 
genius* and philosophical research ; and so- 



one turns to the right, the other to the left, that they may 
afford to each other a better support. This is a mistake, 
and, if true, would only counteract the intention of na- 
ture, which is that, thus entwined, each may obtain sup- 
port. All twisted bodies, to unite, must twist in the 
same direction. 
L 
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berly follow that blind impulse which leads -^ 
us Baturally to give sensation and percQpti.vity^"^^ 
to animal life, and to deny it (o vegetables ;s^ i 
and so still say, with AristQicl^t v^fgetakilu 
crescunt &f vivunt^ cmimalia cresctmtr vivunt, . 
^fentiunt. 



On a kind of Plica in a Hare. 

Whilst I was at GSttingen, amongst 
other objects of natural history, a young Ifaw 
was brought me, so young that I at first kept 
it in a bird cage. It soon became a favourite 
pet, and would sit or sleep on my sopha and 
bed. In the evening it was very frolicksome 
and gay, and was used to leap upon my bed, 
and, in playfulnefs, beat me with its fore feet, 
and knock my book out of my haiid if reading. 
Notwithstanding this familiarity it was ex- . 
tremely timid, and did me much mischief 
more than once upon the entrance of a stranger. 
I kept it about a twelvemonth, till I left this 
university. I then took it in a bag into an ex- 
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tensi^ wood a few miles ofF^ and sitting down 
let it out. It did not run away^ but began to 
brouse, yet by degrees Went farther ofE 
When it was at some distance I went towards 
it and it sat down^ but when I got within 
about a dozen or twenty yards if was seized 
with fear^ sat off at full speed, dnd I saw it no 
more. I intrude these trifling remarks of my 
little favourite only that I may mention a very 
singular disease to which it was subject. It 
was something of the nature of a plica^ but 
differed in this material circumstance, that the 
extravasation was not serum but blood. In 
degree the disease was very trifling, and I 
should not have noticed it had I not frequently 
observed little red streaks on my hands after 
playing with it ; and then I could but guefs 
their cause. My conjecture I confirmed by 
pafsing a piece of white paper over it, which 
became marked with little red streaks. On a 
close examination, I could perceive a great 
many very minute grains adhering to its hair. 
I brushed some off, and difsolved them in 
water, and they seemed to differ in nothing 
from clotted blood. The disease, if it can be 
called so, was so mild, that I never found 
above five or six hairs clotted together, and 

L 2 
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the grains were as small as fine grained gun 
powder. This exudation did not come out 
firom the base or bottom of the hairs, but from 
the middle, and towards the points. It con-' 
tinned, I believe, for some months, and till I 
gave my little friend his liberty, who in other 
respects was always in perfect health. 



On the Common Rahhit producing Angora RtMHs. 

Lately, at a house in Liverpool whoe I 
lodged, the children showed me their Rabbits, 
when I was surprized to see several young 
ones, with the hair just like the Angora breed* 
All of the same litter were not the same in 
this respect ; some differing in nothing finom 
the common breed to which their parents be- 
longed. I asked if any of the Angora breed 
had accels to theirs, they said no, but informed 
me it was not the first time they had had this 
variety from the same parents. 
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On Clearing Corn from Weevefs^ 

A few years ago, whilst I was pafeing some 
days at a nobleman's seat in Vivarais, in 
France, I was taken into a granary to see 
the dreadful havock the little Curculio gra- 
narius had m^de, and was still making, in a 
considerable quantity of wheat that had been 
kept rather long, on account of the low price 
at which it then sold. The grain looked 
black through their numbers, and the walls 
just above the corn were covered with them. 
We agreed to try the influence of the sun, and 
accordingly the wheat was brought down 
and exposed on sheets to the sun's meridian 
heat. This scheme succeeded ; they immedi- 
ately crawled away as fast as they could, 
and, by stirring the com, we .completely got 
rid of them. 



^3 
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On the Measurement of Fishes. 

When I had a prospect a few yearssince^^^: 
of going out to India, to make discoveries isiM^^ 
mineralogy and geology, I did liot intencU:^-^^ 
lyholly to xieglect the other branches of naturalJL^ 
history* Amongst some contrivances for fed* — ^' 
lit^ting the drawing and the describii^ of^^^ 
natural objects, I planned the follawing ."^^^ 
easy method of measuring the proportions of^^^ 
the different parts of fishes, and other animals ^^s 
which might admit of it.— A hundred rays, or ":»^^ 
eccentric equi-distant lines, diverging jfrom a -^* 
common centre like the sticks of a fan, are to ^^' 
be d^aWn on a sheet of paper, or, for the com- — '\ 
yenience of the travelling naturalist, upon his ^' 
pocket handkerchief. The fish is then ap- ' 
plied to this measure, and is thus divided into ^ 
an hundred equal parts; and thus the propor- ^ 
tions of all the parts, with their distances from ^ 
each other, are ascertained, and then noted ^ 
down. By this means, of whatever sizes ^ 
fishes of the same species and relative propor- ^ 



OF THE JULUS ONISCOIDES, 151 

tions may be, the numbers in the descriptions 
will be the same. The only difference on 
account of size is, that the small ones must of 
course be brought near the centre, as in every 
CMe the extremities of the fished must be 
brought to touch the first and last rays. Mr* 
Broufsonet, I know, in his much, esteemed 
Ichthyologia, &c. has given another method 
o( measuring fishes, which I do not recollect, 
but so far I recollect, that when two fishes of 
tihe same species and proportions, but of diffe- 
rent si2es, are described, an arithmetical pro- 
cefs is requiske to know whether the figures 
Cjwrespottd; that is whether the proportions 
are the istme: this is certainly a great ln« 
conveniencer 



Of the jfulus oniscoides. 

About eight or nine years ago I fbund, 
under some loose stones at the foot of Salifbury 
Craggs, near Edinburgh, a new, and very 
singular species of Julusj having the true 
charactefsi of a Julus^ with the form and size 
of the Onisais Armadillo. I took a few live 
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specimens with me to Copenhagen, and 
Upsala, where they were miknown. I found 
them afterwards pretty common in the decayed 
stumps of trees in the woods about Gottingen, 
where I shewed them to several friends, and, 
amongst others, to the indefatigable naturalist, 
Mr% P* as a new species ofjulus which I called, 
from its srreat similarity to the Oniscus AMina^ 
diih^ yu/us omsLy^'Jes. Mr* P. forgetting 
soon after that I had first shewn it him, and 
pointed it out as a new species of yulus^ sent 
it to Nuremberg, where it was figured and de- 
scribed as a new species of Onlscus. 

This species so much resembles the Oniscus 
Armadlll'j that it is no uncommon thing to find 
it in the apotheeary's shops amongst the mil- 
lipedes* At Edinburgh I found them in 
Coitu. They unite in the manner of the 
Libellulx, the end of liie abdomen of one 
meeting the ihorxx of the other. They ix)an 
themsel\"es into balls like the Oniscus Arma- 
dillo* But it should by no nieins be thought 
that this form is chomcterisdc and exclusively 
so, of the genus Oniscus* All the species of 
Julus I am aci^uoiaced with aikuiue a spiral 
form^ which, in a long animal, corresponds to 
the ball of tbe short: ^rach form beiiiij: that in 



AVERSION TO TREAD, &c. 153 

which the animal is most compact and least 
exposed. As I am at a great distance from 
my collection of insects, Icannot give a figure 
of this curious species : but I find amongst my 
papers the following description, written at 
the time. 

JULUS ONISCOIDES. Latitude terlia longitudinis, 
pedibus utrinque circiter i8. 
Ater oblongus longitudine unguis. Segmenta cor- 
porum I2preter caput, primum aut cervicale mini- 
mum semicirculare, secundum & ultimum 
latiora, marginibus aibidis. 

Habitat in locis humidis Scotiae sub lapidibus, & 
in Sylvia Germaniae sat frequens instipitibus pu- 
tridis. . ; 

Ob. Mihi videtur non rarus efse at pro Oniseo Armadillo 
habetur. ' 



On the final Cause cf our Aversion to^ tread on 
soft Bodies^ ^c. 

Those who confider man, with regard to 
his moral powers, as the mere creature of tui- 
tion, example, and habit, are excused by 
their principles from attending to his in- 
stincts ; but they who consider tiiese as the 
primary sources of action of all animated be- 
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ings, ami as specific in their kinds, though 
requiring, like the faculties of the body, tim^ 
and circumstances to their developement,. 
should find a peculiar pleasure in the contem- 
plation of the least of them* 

It may be thought fanciful, yet I thm fe— 

1 discern a kind provision of nature iik 

favour of the smaller tribes of creepin g 

things manifest in the dislike, and even dis 

gust, we feel on treading upon them, or ^rjTTjT 
thing that is either soft or that scrunches undea^r 
our feet* I have seen people much displeasecEi^d 
i^on treading on a pin-cusluon that hadE^Hl 
accidentally fallen on the floor, and th^^e 
scrunching of ashea under our feet I hav^^^e 
often observed to be disagreeable to many^^^T* 
Few, I think, but in their thoughtlefs hours^s^s, 
can crush under their feet, without disgust, r a 
poor beetle, or harmlefs frog or toad. In thK: mk 
I do not rely on my own feelings, whicfaK::fti 
from my affection for the whole bmte crea^^a- 
tion, have acquired a painful sensibility* 

But this attention of nature towards thes^^^sse 
smaller animals is not anomalous ; has she no^i=^^ 
made a similar provision for the larger kincf^=* 
in the pain and even horror we feel at theL ^^ 
cries and contortions, when in distrefs anc^^ 



/ 
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agony? but, in such small animals, these ex*- 
prefsions of misery ^re too minute aod feeble 
to call forth pity and commiseration ; na- 
ture therefore has provided for th^m in ano- 
ther way. 

If there are some who, without concern^ 
can crush these helplefs creatures under 
their feet, this is no objection to my opinion, 
for it must be remembered that they live under 
a general anathema, and they who destroy 
them are taught, from their early years, to 
<?onsider tb^ir destruction as recjuisite. 
ThQugh no one will say that cries and dying 
agonies do not naturally excite to pity, and 
are therefore a benevolent provision against 
hardheartednefs and cruelty, yet we know 
that, urged by a brutal custom, a gentle fe- 
male heart has often suffered its trembling hand 
to plunge the knife into the throat or heart 
of the fainting deer. Customs and habits may 
obliterate our natural sympatliies, and preju- 
dices may support us in cruelty, yet sliU, it 
is true, that nature has made a provision for 
the cultivation of the former, and for the 
supprefsion of the latter. 
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On the Instinct of a Mouse* 

When I was at Vienna, a few year^*-^^ 
ago, I had an opportunity of observing ^ ^ 
singular instance of persevering industry anc^-^^^ 
blind instinct in a Mouse which I had caughr-rf^^^ 
in my room, and kept for some time betweecr^^^^ 
the double sashes of my window.* One <^th9fLJi 
panes of glafs was cracked , here he worked witti * -Stl 
unremitting diligence to gnaw his way through Jrl^h 
Tliough, as it may be supposed, he could iiiak».2Hk< 
no imprefsion, or scarce any on the glafs, anc>f:ni( 
ill the evening his work seemed no (oxthGi^Mne 
advanced than when he began m the morii' .MrMrxt\ 
ing, yet was he not disheartened, but daj^-E^^ 
after day renewed his efforts to gnaw his waj^-^'^ 
out at the crack : the frame/ though of wood. £:p<^ 
he never attempted. After I had kept him s -^^ 
fortnight or three weeks, and he was appa-.^^^ 
rcntly in good health, he was seized with s ^^ 
fit and instantly expired. On examining th^-^^-^ 
glufs, I found he had just chipt off the edges^'^'^^" 
at the crack. 

• At Vioniia, iirul sdine other cilies on tlie Continen W ^^" 
nmny o( tin.' housos I):>.vt\ d.ir'uij; tht: winter, double-2:^* 

':-.i;lh"i ?i» the wiiiiloVN •. 
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On the Bull-Finch. 

It has been long not only a popular opi- 
nion, but likewise the opinion of naturalists, 
that Bull-finches eat the fruit-buds of several 
kinds of fruit trees, and consequently do a 
great deal of mischief in gardens. In a late 
publication on birds, which has been well re- 
ceived by the public, the author kindly en- 
deavours to exculpate them, by saying that 
they only eat the insects that lye concealed 
in the buds, and are therefore the friends, not 
the rivals, of the lovers of fruit. 

I am sorry I must contradict this favoura- 
ble opinion, and accuse them of the most ex- 
travagant luxury. In February of this year, 
I opened the stomachs of two that were 
shot in a cherry tree, and, exclusive of a few 
grains of sand and some small pebbles, I found 
nothing but the embrio flowers. I could dis- 
cover, by the afsistance of my lens, all the 
parts of the flowers. The mischief these two 
little epicures had done, and probably at one 
breakfast, is incredible. From the quantity 
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of buds I found in their stomachs, each of 
which was composed of four or five flowers, 
I think they had not eaten lefs than a thousand 
a piece* This certainly is as culpable a glut- 
tony as feeding upon the spawn of mullets, or 
the eggs of ortolans. 



A Sketch of the Mineralogy of Shropshire. 

Notwithstanding the advantage to 
science, public economy, and private interest, 
which would result from such an undertakings 
I am afraid there is but little probability of a 
mineralogical survey of this kingdom being 
made for many years : till then we miist be 
thankful for partial accounts and sketches of 
districts. 

The following sketch of the mineralogy 
of Shropshire is the result of several little ex- 
cursions made at very different times ; some- 
times, in true style, on foot, with hammer in 
hand, other times on horseback. This will 
explain why sometimes I am minute and enter 
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into detail, and why I somedmes merely 
sketclu It is by no means given to the public 
as a mineralogical survey. 

The county of Shropshire admits of a na^- 
tural division into two parts; the flat and th^ 
hilly ; and these are pretty accurately marked 
by the course of the Severn. Through all th^ 
northern part pf the county, from the Severn 
at Shrewsbury to the confines of Cheshire in 
the north ; and from Drayton on the borders 
of Staffordshire on the east^ to Oswestry on 
the borders of Wales in the west, it is flat ; 
varied only by gentle swells, and here and 
there some naked rocks. But on the southern 
side of the Severn, from near Shrewsbury to 
Ludlow on the borders of Hereford on the south , 
and from Bridgnorth on the borders of Staf- 
fc^dshire on the east, to Bishop's Castle on the 
borders of Montgomery on the west; the, 
country is very hilly. Yet, to be more accu« 
rate, it must be observed that the hilly district, 
on the eastern dde of the county, begins just 
on the north side of the Severn where the 
Wrekin rises from the plain. 

Throughout the flat district, common sand- 
stone prevails, and forms in some places con- 
siderable rocks, as atGrinsell, Nefscliffand 
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Hawkeston. Both red and white ate com- 
mon, and both are used in building; neither 
has a calcareous cement. The gentle swells 
that prevail in this district consist chiefly of 
gravel, compofed of different kinds of hard 
siliceous sandstones, compoimd sandstone, 
and quartz. The nature of the gravel varies, 
I suppose, according to the proximity of difie* 
rent rocks. 

At Llanymynych, near the confines of 
Montgomeryshire, a range of limestone rocks 
begins, which is in some parts of consider- 
able height. The strata rise towards the 
Welch mountains, and vary a little in texture 
and colour. Many deep excavations on the 
top of the highest hill indicate that mines have 
been worked here in some, probably, very 
remote period. Calamine, lead, and copper j 
are still got, but in small quantities. Here 
I found amongst the rubbish from the mine^ 
a piece of madrepore in the state of limestone; 
on breaking it 1 found the sides covered with 
a thin coating of galena lead ore. 

At Oswestry the country rises towards the 
north west, and the hill called -the Cerny- 
Buch is a coarse grained sandstone, very dif- 
ferent from that found in tlie flat country. 
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This leans upon limestone, which, at a quarry 
belonging to Mr. Lloyd of Aston, forms a 
bold precipitous range of rocks that face the 
Welch hills in the N.W. and seem to extend 
to a considerable distance. This limestone 
contains many petrifactions and a great quan- 
tity of black flint approaching to chert; it is 
not like the flint distinct from the rock and 
in polymorphous nodules, but in small irre- 
gular mafses, insensibly uniting with the lime- 
stone. 

Two or three miles S. W. of Oswestry are 
the collieries of Llwynymainand some others ; 
they seem to rest upon the lately mentioned 
coarse sandstone strata. The argillaceous 
and sandstone strata which accompany the 
coal are very rich in vegetable imprefsions. 
In the colliery of Llwynymain I found a very 
curious, and I may, I believe, say, a new 
species of ironstone. It has the brown colour 
and the weight of the common argillaceous 
ironstone, but has a very rough uneven 
fracture, a coarse granular texture, and glit- 
ters with innumerable specks, as though it 
contained minute spangles of mica. After a 
close investigation with a lens and nitrous 
acid, I ascertained it to be a mixture of spatous 
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iron ore and the common argillaceous ironstone* 
The spatous ore, which is in small grains not 
bigger than a pin's head, and apparently sphearp-^ 
cal, with excentric or divergent rays, seems to 
be nearly equal in quantit}' to the common iron- 
stone, which may be considered as the ground 
or cementing matter* I knew not when I was 
on the spot what it was, otherwise I should 
have examined into its situation and circum- 
stances more particularly. It seems to exist 
in great mafses, and likewise in nodules, like 
the common ironstone. As the best iron 
and steel, those of Styria, are made of spatous 
iron ore, this may, I think, be found a valu- 
able ore. 

Near the Severn, and two or three miles 
N. E* of Shrewsbury', is Haughman-EQll. 
This is of compound sandstone, *^ and the 
strata whcix* 1 i>hser\eii them were vertical. 
About ten miles east of Shrewsbury, the 
W'rckin, the nuxst celebrated hill in the 
coimty, rises tiom tlie plain near the banks 
of the Severn ; it is a riuge hill, about tWQ 
miles lonj:* ruunini: neoriy north east and 
sv.Hitli wes:. The iand is considerably higher 
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on its eastern side, as the country here begins 
to rise into hills. About three years ago I as- 
cended this hill. It is chiefly composed of a 
reddish coloured chert, which in some parts 
has the spotted and variegated appearance of 
Breccia. I recollect to have seen in one part 
a bed or an immense mafs of hard close grained 
siliceous sandstone. In another part wackd 
or basalt is found, and in another a granitoid 
rock, composed almost wholly of small grained 
red fieldspar, with a little quartz and some 
minute specks of a greenish matter, probably 
of the nature of hornblende. This hill, or 
mountain, as it may be called, belongs to the 
primative. It has no regular stratification, is 
without any mineral veins, and produces no- 
thing valuable. To the N. E. of the Wrekin 
lie the Arcall Hills. That nearest the 
.Wrekin is chiefly composed of the hard close 
grained siliceous sandstone, with some wacke 
or basalt. The other appears, from a quarry 
that is opened, to be chiefly of chert, yet the 
siliceous sandstone is found likewise here, and 
some of it has been used in a pottery at Coal- 
port, in this district. Wacke or basalt is again 
seen here. The quarry of chert is covered 
by a bed of a very singular kind of red gravel 

M 2 
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about four or five feet thick, composed of sntttt 
fragments and the small debris or sand of the 
granitoid rock. To the east of these hills 
lies the Sleeraway Hill. This is formed 
of limestone strata, sandstone strata, and 
clay strata; they dip to the east, and 
near these hills wif ^ an angle of about 45 
degrees, but fall flatter more to the east. 
Though the Wrekin is very unproductive,' it 
is at the foot of this hill that the greatest 
mineral Wealth of the county is deposited. 

The Coal district of Coalbrook Dale, 
lies on the east side of the Wrekin, runs 
parallel with it from from the N. E. to the 
S. W.* and is about eight miles long and 
two broad. It is first observed on the other 
side of the Severn, in the parishes of Barrow 
and Much Wenlock, and runs tlirough those 
of Brosely, Madely, Little Wenlock, Wel- 
lington, Dawley, Malins Lea, Shifiiall 3ti^ 
Lilleshall. The whole, but especially tt 
southern part of this coal district, is considerab 
above the level of the plain of Shropshire, 



* This account of the coal district was communi 
by Mr. William Reynolds of Ketley. 
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that near Horsehay it is 500 feet above the 
river Severn which flows in its neighbour- 
hood. The dip of the strata varies ; in the 
parish of Madeley it is towards the east, and 
near Wellington and Linsel it is from north 
to north east, about one yard in ten. 

The support or foundation of the coal, and 
its accompanying strata, is dye-earth and 
basalt. The former lies on the east side, and 
the latter on the west. The dye-earth is a 
grey dry clay, which effervesces with acids,* 
and contains petrifactions chiefly of the 
Dudley-fofsil kind, and some small bivalves. 
It is a stratified mafs, and at Tickwood, in 
the neighbourhood of CoalbrookDale, may be 
seen to be at least an hundred yards thick. 
The basalt varies from the softer and lighter 
kind, called wacke, to true basalt. In some 
places in thp parishes of Brosely, Madeley, 
Little Wenlock, Wellington, and Lilleshall, 
limestone is found as the support of the coal 
strata. 



* From a rough analysis made by a friend it appears 
to consist of about 58 of argil. 26 of caK £• and 16 
of silex. 

M ^ 
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At Wombridge, in the northern part of the 
coal district, the following strata are found. I 
must ol>scrvc that this is in the western swamp 
or doprefsion of the strata, for, on the elevated 
part, the first twenty strata are generally 
wanting. 



I Top Rock * 27 feet. It is an argillaceous ycllowiih 

sandstone, 
a White Cby iS a blackish grey phstic 

clay, 
j^ Chance Coal 9 inch. 

4 White Tough i feet a blackisih grey plastic 

clay, 
s Afh Ball RvV^k iS a bcterogeno'js miiioreof 

< TT.a 1 i fragments of greca- 
i>h CT^y clay, of reddish 
ohert £rd white quartz. 
6 R*vky Mar! iS a reccifh bnowTi dry* 



j"L ' .--p 



•Aft «l4icrilr ckv». Thf •f-i^ v-hvfc mr a r».^ »e tsarrteB walk rar »S» 
•iwi ar^ iv< ,1*v:i»r ;ii. sf!?' «An: ?\Tv>i;^-.-5 : aiv. mt m:'u&, wiiiA a»w* 
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7 Gritty Rock 6 feet. It is a white sandtone, but 

of so extremely fine a 
grain that it appears a» 
a compact ungranulated 
mafs. 

8 Rocky Marl 13 ........the fame as N. 5, but of 

much minuter parts, and 
mixed with fome of the 
red clay of No. 6. 

9 Gritty Rock 5 .-. a fine grained grey sand- 

stone, containing mica. 

ID Rocky Marl 9 a reddish brown clay and 

whitish clay mixt, nearly 
the fame as No. 6. 

11 Gritfy Rock 4 a whitish sandstone. 

12 AlhBalIMeasure84 the fame as No. 8. but 

without the red clay. 

13 White Rock 3 .•. a very fine grained white 

sandstone. 

14 Rocky Marl 1 1 the same as No. 8. 

15 Rock .... 2 ........a very fine sandstone like 

• No. 7. 

16 Tough foft Clay 1 8 inch a blackish grey plastic 

clay. 

17 Hard Rock 4 feet .,..,...a grey sandstone of so 

fine a grain as to appear 
compact to the naked eye, 
and cpntaining very mi- 
nute particles of mica. 

18 Top Pinny 1 g beds and nodules of iron- 

Meafure y stone, in a blackish grey 

dry clay. 

19 Black Slums 18 inch ...a greyish black slippery 

dry clay. 
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20 FangousCoal ) ^ f It is a coarfe graiajBd irfutiih 
Rock .... \y*^^^ candstonc 

a I Fungous Coal 3 ........an excellent coal. 

23 Foot Coal ..M I ••••....not got. 

94 Black Stone 4 j^ black grey ironitoiie 

in nodules, in a gieyisb 
black dry day. 

25 Scone Coal .... 4 .a good coal. 

26 Tough Pound- ) 3 .......a black slippery diy day. 

stone ..•• ( 

27 Gur Coal •••• 2 ..—...not got* 

28 White Ciunch 4 .... blackish grey dry day. 

29 Gray Rock 4 .*.a light grey fine grained 

sandstone. 

30 Brick Measure 16 .......altemating strata <^gTey 

colonred ironstone and 
dry day. 

31 BiadBais 6 a black dry cby. 

3^ Bind « 7 a brewoLih grey Teiy 

£ce grained argillaceoos 
sandstone, 

• 53 Ball Stone 9 grey coloured iroostone 

In nodules, in dry day. 
Thete nodules contun 
fern leaves and other te^ 
getable iaipce&Iaoa;. 
54 Dun Earth 6 ..^....Ironstone nodules in a 

grey dry clay. 

3j Xop Coal Bou 4L:ich. »......a black bais or indurated 

shistose clay (sdxie&r 
Thon.) 

.5 "l^oo Coal •.. 5 -. Toisisone of the best coals ia 

Shropshire. 
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37 Top Coal 1 . .^^ It is a greyifli black dry slip- 

poundstone j pery clay. 

38 Slums •... 4 ........a black slippery dry clay. 

oQ Thrce-quar- \ 

ter Coal } ^ never got. 

40 Double Cqal 7 g a very fine grained whit- 

Rock ..M 5 ifh sandstone. 

41 Double Coal 6 a good coal much used. 

^^ ^Po'L^dsto^^^ a greyiib black dry clay. 

43 Yellow-stone 1 ^ r . iron stone in short thick 

Earth J mafses in a shivery 

blackish grey dry clay. 
This ironstone contains 
in its cavities blende and 
terra-ponderosa vitriol. 

44 Yard Coal .... 3 fometimes got. 

45 Yard Coal 1 .1 a black dry clay ap- 

poundstone J ' proaching the nature of 

a bafs. 

46. Quoice Neck 9 greyish black dry clay, 

with very shining sur- 
faces. 

47 Blue Flat 6 feet alternating strata of 

brownish grey ironstone 
in dry clay ; the iron- 
stone in the upper part 
is in nodules. 

48 Pitcher Bafses 5 ablack bafs or indurated 

shistose clay (schiefer 
Thon.) like No. 36 
.49 White Flat 4 ..M.„.alternating beds of iron- 

stone in a black grey 
shivery dry clay. 
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50 FlintCoal Rock 10 feet. It is a fine grained whii^*^. 

sandstone, with sO^^ 
mica. 

51 FlintCoalRoof 13 ........a* blackish gre?y dry c .^^ ' ' 

52 Flint Coal 5 a good burning coal ^^^. 

Madeley-wobd it is . ^ 
pregnated with falt^^^ ^^ 
ter. . .u 

53 Flint 21 a fine gnuned whjt3'^\ 

sandstone, used for buiL -^ ^^ 

54 Pinny Measure 24 a blackifli grey dry cla^ I^w 

containing iron nodule:^ ^ ^^^ 
It is in the upper pa.^^^IF 
of this stratum, close ui=r x:r uc 
der the fliot, that ibT^ th 
Curl is found'. 

55 Stinking Coal 5 a coal containing a gre^^^veaf 

quantityof |>yrites whi^ Z- ^kh 
are used for vitriol : ttX — 4« 
coal being cheap it » 

chiefly consamed ii^ 

burning brick, lime, &. r Src. 

56 ^Bafs'"^.?!"'' } ^8 ^^^'^ a greyish black dry da^y. 

57 Upper Clunch ) 10 a good coal, but hieing '^ 

Coal ,.., 5 thin it is not got, exec — "Ij^ 

where the coal above - "^ ^ 
worked open. 

58 Upper Cluneh 3 feet a light grey shivery dr^- ^^ 

clay, much used for fir 
bricks. 

59 Clunch Coal 2 never got. 
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60 Lower Clunch 6 feet. It is a grey dry clay used for 

fire-bricks. 

61 Two foot Coal 2 fometiiiies got. 

62 LinsedElarth 12 a dark black-gray dry 

clay,u8ed for fire-bricks. 

63 Best Coal 9 inch. In the northernpart,but 

2 feet in the fouthern ; this is 

the best coal. 

64 Randle Coal 3 feet. It is the best smith's coal. 

65 Bannack .... 2 a brownish grey very 

slippery dry clay, good 
for fire-bricks. 

66 Clod Coal .... 4 This is the coal used for fmelt- 

ing all the Shropihire 
iron. 

67 Pale Blue Clod 4^ a blueish grey clay, with 

vegetable imprefsions. 

68 Sandstone .... 9 a fine grained argillace- 

ous sandstone, contain- 
ing vegetable impres* 
sions. 

69 Little Flint Coal 2 a good burning coal. 

70 Little Flint from 10 to 45 a very fine grained white 

sandstone. 

Thus we have a mafs of strata about 55a 
feet thick. 



The Little-flint is the lowest coal-stratum, 
and then either the dye-earth, basalt, or lime- 
stone is found. But this order of strata which 
is found at Wombridge in the north, does 
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not contiaue through the whole coal districts 
At Broseley and Madeley, in the south, the 
following order of strata is found. Unfortu- 
nately, from the pits not having been lately 
sunk through the upper strata, but from a 
level or adit in the side of the hill, the upper 
strata here are not accurately known. So 
far however is known, that there is first an im- 
mense bed of red sandstone, then, for about a 
hundred yards, alternating strata of sandstone, 
argillaceous sandstone, stratj^ of clay, and thin 
strata of coal from one to four inches thick, then 

a whitish Rock. An argillaceous Sandstone .... 21 feet 
a small surphurous Coal .... .... .... 8 inches 

a blueish Clod. A dry Clay .... 14 feet 

a fmall Coal , 2 inches 

a whitish Clay, containing Nodules of Ironstone 2 feet 

a brownish Sandstone coloured by Petroleum 13 
a blueish Clay, with vegetable imprefsions .... 5 

a plastic Clay, with small Strata of Coal, one 

and two Inches thick .... .... 6 

a Coal, called the Upper Stinking Coal .„. 8 inches 

a whitish dry Clay .... .... i foot 

a blueish grey argillaceous Sandstone .... 13 feet 

a brown ditto ditto . 9 

a reddish dry Clay, with a little Haematites .... 2^ 

a grey argillaceous Sandstone .... .... 7 

a brown plastic Clay 2 

a whitish dry Clay 5 

a reddish dry Clay, with a little Haematites .... 6 

a brown Sandstone .... .... 18 
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a fine reddifli dry Clay j i feet 

a greyish fine grained argil. Sandstone ••.. 1 1 
a dry Clay, including two small Strata of Coal, 

one fix, the other seven Inches .... 6 

a Stinking Coal. Got ij 

a grey argillaceous Sandstone 1 1 

a reddish argillaceous Sandstone 15 

the upper Part of the rough Rock, which is a 

very coarse Sandstone without Bitumen 15 

a grey dry Clay , 3 

the lower Part of the rough Rock which is a 
kind of very coarse sandstone contain-* 

ing Bitumen .... 27 

a brownish dry Clay 20 

Top Coal, which is the fame that in the 

former list is called the Yard Coal .... 2^ 

The Blacks. A blackish dry Clay 7 

The Silk Coal 8 inches 

a Bafs, a black indurated shistose Clay .... if foot 

a dry Clay, containing very good Ironstone 2 

Bottom Coal, called in the other list Flint Coal 3 

After this stratum, the strata, in part, cor- 
respond with those of the preceding lists in 
respect to the order, but not to their thick- 
nefs, as the ft)llowing list shews. 

The Flint .... 15 feet 

The Pinny Measure, (no Curl is found in 

this Stratum here, though it is at the 
Mine where the other list was taken, 
and scarcely ever any shells, though 
often found in this Stratum in the ele- 
vated part of the district in the parish 
of Little Wenlock) .... .... 9 
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The Stinking Coal, containing but a small 
quantity of Pyrites, and this much 
more earthy than that of the other 
Mine, fo that this is not ufed for 
Copperas ..•• .... •..» •... 

The Upper Clunch ...« 

An Argillaceous Sandstone 

The Two-foot Coal 

A Dry Clay 

The Vigo Coal, sometimes got, when near the 
Surface, for burning Bricks 

An Argillaceous Sandstone 

The Ganey Coal, fometimes got 

A dry Clay, this is the Linseed Elarth of the 
nrsi jl/Isl ••• •••• ••■• ••■• 

The best Coal, this is got in the Parish of 
Madeley 

j\ Dais •••• •••• •••• •••• •••• 

The Middle Coal, the Randle Coal of the first 

•1-<1SL •••• a.a« atta ■(•« 

A dry Coal, the Bannack of the first List .... 

The Clod Coal .... .... 

Clod Coal Poundstone, the pale blue Clod 

of ditto , ..... y 

Hard Sandstone, fometimes containing No- 
dules of Ironstone 3 

Little Flint Coal, got in the Parish of Made- 
ley, and esteemed a very good Coal 3 

Little Flint Rock, the little Flint of the other 
List ; here it contains a good deal of 
Ironstone called Crawstone, from 20 to 80 feet*- 

Then the dye earth is found. Thus we 
have a mafs of strata about 400 feet thick. 
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The coal district of Coalbrookdale, like 
other extended coal fields, is troubled with 
faults ; that is the strata are broken and in some 
parts lie much lower than they do in others. 
The principal faults in this district run nearly 
N. E. arid S. W. Two of these have thrown 
the strata on the E. and W. sides from one to 
two hundred yards lower than they are in the 
middle. This elevated middle district, which 
does not affect the surface, is about seven 
miles in length, and from one to two in 
breadth, and it is here, on account of the 
greater facility of working the mines, that by 
far the greatest quantity of coal and ironstone 
have been*got. The Madeley Wood and 
Lightmoor works are the only collieries in the 
eastern deprefsion, which is here called a 
swamp,; and the Ketley and Hadley the most 
western in the western swamp. The elevated 
district has several faults running in various 
directions which have caused deprefsions,some 
of which are fifty or sixty yards.— This is a 
general account of this valuable district. 

In the parish of Wombridge the stratum 
of coal, called the flint coal, incloses in its 
middle a stratum of canal coal about nine 
inches thick ; this situation in spme parts of 
the same stratum is occupied by a bafs. 
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The fo famous spring of mineral tar or 
pitch (Maltha of Lin.), exudes fromfifsures in 
a sandstone impregnated with it, and Ijring 
over a stratum of coal, but from which it 
is feparated by an argillaceous stratum. At 
this present time it only yields about thirty 
gallons per week, formerly it yielded near a 
tliousand gallons in one week ; and at first, 
when the level or adit was driving, many 
barrels were collected in one day. It is sup- 
posed that were there a greater demand for it, 
a much greater quantity could be obtained by 
driving through fresh fifsures. In the upper 
part of this bituminous sandstone, a great 
many rounded pieces of coal are itnbedded. 

In the neighbourhood of this tar spring, 
several springs of salt water have been found, 
but none lately of sufficient strength to be 
worth working. The water which exudes 
from the flint-coal in some works in the 
parish of Madeley , is likewise salt ; and in 
the adjoining parish of Broseley there was for- 
merly a salt work, where the salt is said to 
have been made from water taken out of the 
coal pits, which, to this day, are called the Salt 
House Pits. The famous spring which for- 
merly threw out so great a quantity of inflam- 
mable air was at Broseley. 
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The strata of this district, like those of 
other coal fields, inclose many animal and 
and vegetable productions ; few however in 
the upper strata. In the ironstone nodules, 
called the hailstone, the imprefsions of vari- 
ous ferns are common. In the blackish 
grey dry clay, called the flint coal roof, a kind 
of muscle shells and some vegetable impref- 
sions are found. 

In the sandstone called the flint there is an 
immense quantity of those vegetable petrifac- 
tions, or rather imprefsions, which have been 
compared with some of the cacti and euphorbia 
tribes ; they are sometimes in cylinders of the 
thicknefs of a mans thigh. Another kind 
resembles the sugar cane, both kinds are of 
sandstone. — In the Pinny measure, which 
lies under the last mentioned, no vegetable 
imprefsions are found, but some shells of the 
limpet and cockle kinds. — The bed of dye 
earth which supports the coal strata contains 
many of the Dudley-fofsils? ( Entomolithus 
paradoxus ?) and some small bivalves. 

The tophus turhinatus^ calcarius multicorti" 
catus interne imhricatus of Linneus, and 
figured in Table II. Fig. 36 of the second 
volume of Wallerius, here called curbstone, 

N 
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this side of the Severn, about halfway between 
Coalbrook Dale and Shrewsbury. — This is a 
sketch of the first division of the county. 

When we crofs the Severn at Shrewsbury, 
and enter what I have denominated the hilly 
division of the county, we do not immedi- 
ately find ourselves amongst those hills which 
give the title to this appellation. The flat 
country still continues, but gradually di- 
minishing in breadth towards the south, ter- 
minates in a valley formed by the Lawley 
and Caradock hills on the east, and the Long- 
ment on the west. 

Pafsing westward along the banks of the 
Severn, red sandstone I believe prevails; but 
about Rowton and Loton Hall limestone is 
found. Nearly in the same direction, but 
two or three miles from the Severn, lies ano- 
ther coal district, but trifling in its produce, 
when compared with that I lately described, 
with which this seems to be almost connected 
by the colliery of Preston Boat, and that near 
Dryton. It begins about Emstree, and ex- 
tends about a dozen miles westward through 
Sutton, Meol, Pulley Common, Nobalt, 
Hooka Gate, Whelbech, Ascot, Pontsort, 
Pontesbury, Malchurst, Asterley, Inwood, and 
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Woolaston; and, from near Whelbech, a 
branch extends a few miles southward to 
Longdon Common and the Mote. 

Near Pontesbury the hilly district begins. 
Here I only examined the Ponsort Hill, 
about nine miles from Shrewsbury. This is 
a hill of very considerable height and steep 
ascent. Ascending it by its mo3t gentle 
slope, I found at its base different kinds of 
chert, as Isabella coloured, greenish white, 
reddish white ; and one of a glandular 
structure, having brownish red glands, rather 
cellular at the centre, partly filled up with 
quartz, which are united together by greenish 
grey chert ; likewise a liver coloured chert 
or jasper, with flesh coloured streaks. But 
the hill itself, as far as my observations ex^ 
tend, is composed of dark greenish grey 
wack^, * greyish black basalt, and finely 
granulated wacke, or rather grau-wacke, for 
though carelefsly examined this appears to be a. 
homogenous stone, and has th§ usual colour of 
wacke, yet, when examined with a lens, it 
appears to be an aggregate. The aggregate 

* This fossil is rather lighter, softer, and of a more 
earthy texture than basalt. 

^' 3 
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or sandy nature is very visible on the surface 
when decomposition has commenced : there 
is little or no quartzous sand amongst it. I 
have two specimens which contain fragments 
of reddish brown petrosilex as big as peas, and 
one with a rounded pebble, of reddish very 
fine grained granitello, an inch in diameter. 

It is not uncommon for stones of this nature 
to be taken for wacke and basalt. I find 
by my notes, made on examining the collec- 
tions sold by Mr. Lazius, that some specimens 
in his collections, which he calls traps, are of 
tliis kind. The dark greenish grey basalt, of 
which I saw at Rome several E^ypdan anti-» 
quities, though called basalt, is of this nature. 
Mr. Wad, in his Fofsilia Aegyptiaca Mussd 
Borgiani, though not exprefsing the same 
opinion with me, speaks of the sandy texture 
of this species of Basalt. This is not a necd- 
lefs microscopic discrimination. In every in- 
quiry into the formation of strata, it is requi- 
site to distinguish between those fofsils which 
are the result of confused aggregation and 
those of cristalisation. 

I found likewise an amygdaloid rock com- 
posed of a liver coloured ground, (ofwack^?) 
with glands of white compact zeolite, of ^ 
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fiesh coloured lamellar substance, itesembling 
barytes, but probably decomposed ieolite; and 
streaks of a pistachio green substance, like the 
lapis nephriticus, but which, from its iwellinj 
under the blowpipe, attd melting iiito a greenish 
black glafe, like the actynoUte of N6. 8 frdWi 
the Caradoc, I suppose to be compact actynolite. 
To the S. W. of the Ponsort Hill Ue hilb 
of argillaceous shistus. This shistus is rathet 
compact than slaty, and contains a good deal 
of Mica in extremely minute particles. In 
these hills are several lead mines. The 
Sneilbach mines, which lid about four miles 
S. W. of Ponsort Hill, and about thirteeil 
miles frpm Shrewsbury, are now but littl* 
Worked, on account of some part of them being 
imder Water* The ore here is the cdmmoii 
galena and the steel grained ores, and some- 
times the white spatous ore. The vein-ston^ 
are heaVy spar mixt with calcareous spar and 
quartz. The vein in some parts is four yards 
wide. I found some heavy spar or vitriolated 
barytes so perfectly resembling the aerated, 
that till I had reduced it to a hepar, I could 
not believe but that it was the aerated. In 
the same hills, about two or three miles fur- 
ther southj are the White-Grit mines. These 
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vallies. It is composed of what I call com- 
pound sandstone^ that is a stone which, in- 
stead of being formed of grains of quartz, is 
formed of grains or very minute fragtnem^ 
of other kinds of stone. These here, ifeem 
to be of an ai^Uaceous and jaspideous na* 
ture, mixed with a few grains of feldspar. 
This is the nature of the rock ia getieral, 
and I have feen it in feveral places, but hat 
and there I have found seams of reddish in* 
durated clay or shistus amongst it ; and on 
the eastern side, about Church-Strettcm and 
AU-Stretton, this hill is skirted for about tW6 
miles by common grey argillaceous shistus. 
Near the latter place there is a quany tl 
coarse whin, which is used for repairing the 
road, and in another quarry, opened for a si- 
milar purpose nearer the village, the shistus 
is pervaded by some short thick irregular 
veins of grey chen. Smetcot Cooimdo, 
which adjoins this hill in the north, with 
the BeastoQ and Lyth Hills, three or four 
miles further north, are composed of the fame 
kind of rock ; though upon the fonoer com- 
laon I have observed it in some places be- 
come a coarse puddingstoue. 
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In building a cottage on the Longmeilt 
near Damford, a very small vein, (nbt a very 
thin bed or straftltti,) of coal was fourtd. It is 
really a vein, but not, I believe, an inch 
thick. On crofsing Smetcot Common I fotind 
aveinof wackfe, and the road between Polder- 
bach and Haberley is crofsed by a vein of heavy 
spar mixt with quartz, above a yard thick. 

Near Lebottewood, eight or nine miles 
south of Shrewsbury, in the valley formed by 
the Longment and the Lawley and Caradoc 
Hills, coal and limestone are found. HercJ 
the limestone, which is covered by twenty 
yirds of argillaceous strata, is four or five feet 
thick, and lies above the coal, from which 
it is separated by about ten yards of similar 
strata. The coal is about a yard thick. Th6 
limestone contains petrifactiohs, and has 
frequently little chinks and cavities filled 
with pitch. The coal is chiefly used for 
burning the limestone ; both together only give 
employment to about a dozen men. About 
two miles south east, at the foot of the Cara- 
doc, coal and limestone are again found, and 
were formerly worked. 

The Longment is only separated by a 
narrow valley from a beautiful chain of high 
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hills, about seven miles in length, running 
from the north-east to the south-west, com- 
posed of the Lawley, the Caradoc, the 
Elmlyth, the Hazeler and the Raglyth. This 
valley between the Longment and the Lawley 
may be about two miles, but it is much nar- 
rower towards the Caradoc. 

The Lawley, which is the most northern, 
is about two miles long, but very narrow, 
with very smooth sides of rapid ascent, clothed 
with verdure, and uniting at top in a sharp 
ridge. It is composed of a dark bludsh grey, 
hard, heavy and compact wacke. In some 
parts a stone similar to No. 5 of the Caradoc, 
(which will be described immediately) is 
found. And in many places rocks of light 
reddish brown jasper and reddish white pe- 
trosilex protrude through the soil. Quite at 
the north end, where the rock has oeen 
broken for materials to mend the roads, an 
imperfect or ill characterised granit or gra- 
nitoid rock is found. It is composed of red 
feldspar, white quartz, and blackish green 
hornblend ; but only in the most perfect spe- 
cimens. In general it is rather of the nature 
of granitic sandstone, and has some appear- 
ance of having been formed by deposition ; 
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a little mica lies between the small beds 
which are but just indicated. I have some 
specimens where the components are not dis- 
tinct and granular; where the quartz and 
feldspar, mixed with a blackish green earthy 
substance like wacke, flow into one another. 
This granitoid stone seems to form only a 
wedge or patch amongst the wacke. At the 
south end of this hill I found the same as No. 
8, of the following article. 

The Caradoc or Quardock is only separated 
from the last hill by a narrow valley. It is 
likewise a ridge hill and very similar in form 
to the preceding, of the same length, and 
runs in the fame direction, but exceeds 
it in height, and rises considerably in the 
middle. The north end is composed of 
greyish coloured sandstone, in which grains 
of red feldspar and other matter are mixed 
with the quartzous sand. In some speci- 
mens, when examined with a lens, something 
like pitch is seen to fill the interstices be- 
tween the grains. — Further south, I found 
(No. 5) a greenish grey kind of whin or 
wacke. It is not a homogenous stone, but 
rather an intimate mixture of a greenish black 
substance, probably of the nature of horn- 
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blende, with a greenish white substance which 
18 easily scratched with a knife, and makes 
no cllervoscence with acids : then amygdaloid 
rocks prevail.— First I found (No, 8) a 
blackish grey compact wacke, very nearly 
appruiching the true compact basalt, with 
gh\nds« about the size of a large pea, 
i\( fafcioulateil and stellated-fibrous pista- 
chio gnvn actvnolite (actinotus). These 
j^lauds easily melt under the blowpipe into a 
hIacki;§Ji da^ with ebuliticmi; this fix&il I 
dvW itH^xlleci t^^-er to have read <^^ or seen be- 
&\w^* It mav be called the AmxzJLjJ:Us octf- 
*rf^v\«-4n the saave^ pan of the hill theie is a 
bl^cki^ grey wacke very cellular, with 
s:au!l h<^au$pVK$ cc haouatiies^ the die of a 
piuV v^»i<{* $ci:teird 3i<xic the sides of the cells. 
Hv"» UkewW^r $n.ull ^"e£rs»> or bLvd red i(35per« 
ir:ji $^^*»ie xci^- i'v focixvi* — ^Fu-toer sxsli, mt 
cACv> iivae o£ :iS^ ^.nle cell wiidca ^xxrides ^^s 
>ill I:iv :!>e Li:u^ CiriS>: srd ci'e CiiiSEkc, 

v^^i w-vjsciie^ txJsciZ"? ide-w^i vlci t^cx smfill 
^uittcsj^ « w-isK 3e\rcK i3xi wiiiK cxjc:s«oib 
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with pellst only in part filled, with flesh-* ' 
coloured land white zeolite and calcareous; 
spar, all mixed together. Some of tliis red 
substance melted without intumescence or 
phosphorescence more like feldspar than 
zeolite ; these three different kinds of fofsils 
are so mixed together that it is difficult to inves- 
tigate them. — ^The rocks on the top and those 
3till more southward, are of jasper. I have 
from thence a reddish brown compact jasper. 
The same but fine-cellular with the sides of 
the cells invested with- green earth. A light 
brick coloured J4sper, dull, and rather softer 
than a tri}? jasper, with small oblong greenish 
black spots ; and a liver-colour jasper with 
small pblopg glands of white calcareous spar. 
I have-froro some part of this hill a black- 
brown fasper, with two little cavities in 
which are minute rock cristals, and minutq 
rhombpidaj cristals of flesh-coloured feldspar. 
Wherever there is any appearance of stra- 
tification, the strata crofs the hill and rise 
towards the north. Jt is at the foot of this 
hill on the western side, that I lately said both 
coal and limestone were formerly got. 

To the south of the Caradoc lies the 
Elmlyth* This hill is much inferior in height 
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and length to either of the preceding. As- 
cending it on the west side I found a singular 
kind of compound rock, a kind of granitic 
sandstone, and at the top a dark grey wack^, 
which in some places is intimately mixed and 
blended with reddish chert and jasper. 

To the east of this, separated by a valley, 
is the Hope Bewdlar Hill, of which I only ex- 
amined the south end; this is of porphyry, 
of a liver-coloured ground of hard wack6 
with reddish feldspar. 

To the south of the Elmlyth lies the 
Hazelar Hill, At its base, near the high 
road, there is a quarry of reddish sandstone ; 
but of a very curious kind. If examined with 
a lens it is seen to be wholly composed of 
small grains of flesh-coloured feldspar and 
grains of quartz, with scarce a particle of 
mica; however, on a nice examination, a few 
spangles of black mica are discovered. It is 
quarried for mending the roads. The rocks 
above, which protrude through the soil, are 
of liver-coloured wacke. 

To the south of this is the Raglyth. The 
rocks on the very summit are of reddish grey, 
in another part of light flesh-coloured, chert. 
But on the western side I found the rock to be 
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a compound or aggregate stcme, very difficult 
to be descf ibed. At first sight it appears as ;f 
small particles of reddish feldspar were im- 
bedded in a cpajTse grey earthy basis ; but, ex- 
amined with a lens, it appears to belong to 
the compound sandstones ; it is composed of 
grains of feldspar, grains of quartz, and some 
earthy matter. This hill terminates the chain 
of primitive hills, which began at theLawley ; 
and, south of the Raglyth, to a considerable 
extent, the stratified rocks prevail, whiqh may 
be seen in the turnpike road to Ludlow. The 
strata I have observed are of the nature of ar- 
gillaceous sandstone and flagstone. 

If we come back to the Lawley and 
Caradoc, and then continue our course east- 
ward, we find under both these hills, on their 
eastern side, a parallel range of white sand- 
stone, which in some places has a very coarse 
grail). Where it is most regular, as under 
the Lawley, it presents its escarpement to- 
wards these hills, from which it is divided by 
a small valley. Under the Caradoc on one 
spot it forms a little conical hiU. It extends 
northward to Frodesly Park, and continues 
ILhence in an eastern direction to Buckley, 
and further eastward forms the high ridge on 

o 
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which the village of Kenley stands ; here it is 
of a very coarse grain. This ridge runs 
parallel with the Wenlock Edge. 

About two miles N. W. from Frodesly 
lies Pitchford, and four miles further to the N. 
W. is Cundover. This country, and all, I 
believe, that lies from hence in a north east 
direction to the Severn, is sandstone, Pitgfe- 
ford is famous for a well on which pitch is 
found floating, and for a bed of sandstone and a 
sandstone mixt with fragments of grey shistus, 
both highly impregnated with mineral pitch; 
this is the stone which is called the British ml 
rock, and from which the British oil is dis- 
tilled. This rock is only covered by a few 
feet of gravel and soil. Coal was got in this 
parish about fifty years ago, but not in quan- 
tity, nor of a good quality. 

If we again come back to the east side of 
the Lawley and Caradoc, and continue our 
eastern course for a mile or two, to the village 
of Cardington, we only meet with argillaceous 
sandstone or flagstone. On this kind of strata 
the village stands, and thence it extends a con- 
siderable way further to the N. E. whilst to the 
south of the village, on the common, wacke 
and chert, like those of the Lawley, are Ibund. 
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Here, some years ago, a trial in mining was 
made in search of copper, and some yellow 
copper ore was fomid, but of no consequence. 
But the bold craggy rocks near the village 
are of a very hard compact siliceous white 
sandstone. 

In continuing a S. E. course for two or 
three miles I met with no rock to^give me any 
hint of the strata here, but on the east side of 
the village of Rushbury, there is a high ran'ge 
x)f common grey limestone rocks with petri- 
factions. They face the chain of hills I lately 
, described, and, running parallel with it, 
extend several miles both to the N. £• and 
S. W. 

At the back of this lies a similar range of 
limestone rocks of many miles extent, but 
higher, and with more prominent features, 
called the Wenlock Edge. It has the same 
facing or escarpement, and the same course, and 
in its N. E. direction extends as far as the banks 
of the Severn opposite Coalbrook Dale. It is 
cut by some deep dells or narrow vallies, so 
as to resemble several promontories, some of 
which being covered with wood are very 
picturesque objects. As I followed the incli- 
nation of the strata, which of course is nearly 

o 2 
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eastward, I saw several thin strata of flagstone 
lying amongst the limestone. 

Continuing in the south east direction I 
found, near the village of Howgate, two or 
three miles further, coarse grained sandstone. 
As I approached the Brown Clee Hill, which 
lies to the S. E. I met with nothing but im- 
mense quantities of loose fragments of true 
basalt, and in one or two places some red 
sandstone. 

The Brown Clee Hill, and the Titterston 
Clee Hill which lies three or tour miles to 
the south of the tbrmer, are amongst the 
highest hills of Shropshire, and are, particu- 
larly the latter, treasures for this part ctf the 
ccnmt)% They belong to the flat topped hiUs, 
but are A-er\' irregular in their torms. They 
are about live or six miles in length, and 
about half as much in breadth. They re- 
semble each other in their rrodiwrts; both con- 
rain cool and ironstone, which in both CLie in 
some parts covered by a thick bed of basalt, 
and this basalt, in each, f^^rms two irregular 
ridges higher than the ocher parts of the hilL 
They further agree in their strata dipping aU 
round from their circumference to the centre, 
like the sides of a bowL But the]r d&Bfer 
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greatly in the quantity of coal they yield. 
The coal in the Brown Clee Hill cmly lies in 
thin strata, and is chiefly worked in a small 
way by poor colliers, whilst the principal 
coal stratum in the Titterston is six feet thick* 
For the following particulars of the Tit- 
terston Coal Fields, I am indebted to the 
communications of Mr. Thomas Botfield, jun. 
of Ditton. On this hill there are six different 
coal-fields, which differ considerably in their 
extfent and thicknefs. The most extensive and 
valuable is the Cornbrook ; this is about a mile 
long and half a mile broad. The two follow- 
ing lists will shew what are the strata iu 
this field. The immense bed of basalt which 
lies above the coal, is a remarkable circum- 
sance in this part of the kingdom. 

Strata found in sinking the Deep Pit in the 
Jouthern Part of the Hill. 



Earth and Sandstone Rock 
Basalt, called here Jewstone 
Sandstone Rock, Bind, Clunch, and Coal ) 
Roof* Dry Clfiys ..m ••.. J 

The Great Coal ..,. ,., .... .,„ 

Coal*bottom and Ironstone Roof. Thefe ) 
are Dry Clays j 
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yds, feet 

The Great Coal 2 o 

Coal-boltom Pounsin. A dry Clay .... i o, 

Ironstone Roof and Meafurc. A dry Clay 1 1 

Three-quarter Coal and Bafs o ^ 

Clumper. A hard dry Clay ,. 3 i . 

Smith Coaly and Clod in it .,.. ..,» i 

Strong Clunch. Dry Clay 2 o 

Flan and Bafs. Hard dry Clay o 2 

Strong Clunch. Dry Clay 3 o 

Four-foot Coal and Bafs i q 

Strong brown Clunch. Dry Clay „„ i o 

Sunk into the Four-foot Coal Rock .... 3 i 



2 



»37 



The Newbury Coal Field, which is in 
the soutli end of the hill, is about half a mile 
long by a quarter broad. 'This has the same 
number of beds of coal as the preceding, but 
they are always about one third thicker. The 
basalt does not cover the coal in this field, 
nor is it found in it. The other coal fields, 
which are likewise never covered by basalt, are 
of small extent, and have only one stratum 
of coal from eighteen inches to two feet and 
a half thick ; or the same divided into two 
by a thin bed of clay. 
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What is the nature of the strata that suc- 
ceed to those mentioned in these lists, has 
fortunately been pretty well ascertained by the 
Road-level, which discovered about seventy 
yards of sandstone strata, mixed with some 
strata of clay. And from the situation of the 
limestone in the neighbourhood of this level, it 
is most probable that many more yards of sand- 
stone lie between those and the lime-stone. 
At the lime-works at the Knowl, where there 
are several beds of limestone alternating with 
clays mixed with sand, it appears that these 
lie under the above strata, and form, as it 
were, the foundation of these collieries. 

Were I to say more on the stratificaticm 
of this hill, it would be merely conjectmal. 
But if it is penmtted to make an iiiductM» 
fhxn appearances in the neighbouring brown 
dee Hill, with which this agrees in so many 
particulars, then I may say that there are a 
great many strata of sandstooie, and some with 
a calcareous cement, lying under the lioKstone 
strata. For the limestone boisets out very 
liigh in the southern end of that hill, and from 
thence todie bottom nothing is seoi, whete- 
ever the water has Liiti the rocks faare^ btf 
suKbtone. 
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It is conjectured that at the Hill-Work 
Coal Field (one of the six) the basalt lies 
under the coal. This little coal field lies 
upon, or is surrounded by, the Combrook 
Coal Field, and when the coal in this latter 
field is cut off by a fault in the neighbour* 
hood of the fortner, the miners in working 
in that direction have always come to basalt. 
All these little coal fields, with their accom- 
panying strata, dip all round from their cir- 
cumferences to their centres, and are to be 
considered not as parts of one great bowl, but 
as 60 many small ones* Canal Coal is found 
in this hill. On account of the great expence 
of sinking through the basalt, coal is here 
about one-third dearer than in the Coalbrook 
Dale district. 

Both these hills, like others similarly situ- 
ated in this part of the kingdom,, have the 
vestiges of ancient fortifications on their sum- 
mits. The highest parts of both are inclosed 
by a dyke or mound, which differ from most 
others in this, that they are not of earth but 
of loose fragments of basalt, which are found 
in great abundance on these hills. The 
dykes are about six or eight yards broad at 
their bases, but now no where above three 
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or four feet high, and seldom that. From 
these hills the Caradoc and the Malvern 
hills, both of which have still the remains 
of fortifications, are distinctly seen ; and 
these, by lying between them, were well 
adapted to keep up a correspondence by 
signals* 

About two or three miles N. E. lies 
Orton Bank, which furnishes a great quan- 
tity of lime for that part of the country. 
The lime rock is composed of several strata, 
varying a little in colour and grain. I ob- 
served one stratum of the Oolithus (Bath and 
Portland stone), it lies between strata of 
of common limestone. Sandstone prevails 
in the neighbourhood. About Kinlet, which 
is further east, there are some small hills 
where whin or basalt is found, with small 
calcareous glands. 

Billingsley, two or three miles to the N. 
E. is a coal country; it produces likewise 
the argillaceous ironstone. A company has 
lately established a considerable colliery here. 
In the wire Forest, and about the banks of the 
Severn in thatnighbourhood, sandstone strata 
prevail, and likewise from the Clee Hills to 
Bewdley, on the confines of Worcestershire, 
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and about Bridgnorth, on each side of the 
Severn ; and from Bridgnorth in a north east 
direction to Tong Castle and Weston, on the 
borders of Staffordshire ; likewise in the most 
southern part of the county on the borders of 
Herefordshire I have found sandstone. About 
Ludlow limestone hills are common. The 
castle is built upon a grey argillaceous stone, 
a kind of very fine grained argillaceous sand- 
stone, which effervesces and contains shells, 
(the Arenarisus glareous Syst. Nat. Cosglareosa, 
particulis impalpabilibus mollis. Wall.) and 
this and similar kinds of strata are, I believe, 
common in this neighbourhood, and to the 
westward in the hundred of Clun on the con- 
fines of Wales* 
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Memorandums on the Rocks in the immediate 
Vicinity of the City of Edinburgh. 

* 

On the west end of the hill on wMch the 
prracipal street of the <M town is built stands 
the castle. The hill terminates here in a 
bold precipitous rock of black-grey compact 
homogenous basalt. On one side at the bottom 
white radiated zeolite is found.-*-It is, I pte- 
sume, of the mliceous kind, as the lefefragite 
strikes fire with steel, and does hot difsolve 
or form a jelly in acids. 

Calton Hill is extremely interesting. The 
rock on the west side is only visible in a few 
places. It is chiefly composed of the rubbish 
and ruins of rocks of the nature qf wacke ; 
it! is therefore very various in its appearance. 
The fragments in some parts are a foot or more 
in diameter, in others they do not exceed the 
size of peas, I likewise observed on the same 
side some coarse grained wacke, which 
slightly effervesces with acids, and contains 
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a little haematites and hornblende. As the 
rock here is greatly decomposed and gene- 
rally covered with soil, it is difficult to form a 
judgment of it. As you ascend, it gradually 
afsumes the appearance of porphyry. I ob- 
served some loose pieces of wacke containing 
globules of calcareous spar. 

Fortunately for the mineralogist, through 
the means of a quarry, the rock at the top of 
the hill is more easily examined. The 
lowest stratum at this quarry is of breccia 
about three yards thick, formed of fragments 
of a porphyrons rock. The fragments are 
from the size of coarse sand to that of peas, and 
sometimes larger, of a reddish brown colour, 
mixed with a considerable quantity of red 
feldspar, likewise in fragments. This stra- 
tum s divided by two or three thin irregular 
strata of a friable argillaceous mixture, pro- 
bably the finest part or powder of this breccia. 

The stratum of breccia is covered by a 
bed of porphyry, which, in some places, is 
twelve or fifteen yards thick. This is di- 
vided by an irregular bed about a yard thick, 
of nearly the same kind of porphyry, but 
partly decomposed or mixed with something of 
an argillaceous nature. The porphyry varies 
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in colour; in one part the ground or basis is 
of a reddish brown wacke with reddish field- 
spar, in another part it is of a greenish cast, 
with the feldspar nearly of the same colour, 
but scarce visible. 

In that variety which I lately mentioned 
to be mixed with something of an earthy nature, 
beside the feldspar, there are many small 
globular and 'nodulous glands of a red opake 
substance like feldspar ; yet difiering fix)m it by 
rather superior hardnefs, and by its fracture, 
which is not spatous, and by its colour, which 
is somewhat deeper, and by its form when re- 
gularly cristallized , which is the 24 edron, like 
that of the white vesuvian garnet, called, by 
Mr. Werner, Leucit, (see the annexed plate)*. 
It loses its colour and melts under the blow- 
pipe like feldspar. I consider it as a n<»i- 
descript, and call it theSARciTE. It hasnot yet, 
as far as I know, been analyzed. It is only 
found in the regular form in cavities of the rock, 
generally imbedded in calcareous spar, and 
then I think it is </ a leis florid colour than 



* I sketched th:* figure frcm a fee specimen in the 
collection of Dr. Hope o? Eilir.bur^h. 
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in its amorphous shape* About a hundred 
yards to the east is another quarry. 

The rocks, which may be seen in St* 
Ninnion's Row, on the right side of the coach 
road up Calton Hill, and on the south side of 
this hill above the north back of the Cannon 
Gate, are of basalt (or wacke?) interspersed 
with hornblende. The fifsures in these rocks 
are filled with calcareous spar and a coarse 
kind of calcedony. 

The noble cliffs called Salisbury Craggs are 
an immense bed of whin or wacke rising to 
the N. W. At the quarry in the N. E. they 
are seen to be incumbent on strata of sandstone 
and indurated clay. The lowest stratum, of 
which I could only see a few fragments, is a 
kind of black argillaceous shistus mixed with a 
little sand and mica. Upon this lies a stratum" 
of light-coloured indurated clay, the thicknefs 
of which is concealed by the talus, but a yard 
of it is visible ; it is composed of strata of dif- 
ferent colours. Above this there is a stratum 
of yellowish sandstone about three yards thick ; 
this sensibly effervesces with acids. Over 
this is a softish friable stone of a reddish colouf, 
which insensibly acquires the nature of the 
-wijin that lies above. In another quarry the 
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lowest stratum visible, under the whin, is of 
white sandstone four yards thick. Above this is a 
stratum of very compact siliceous sandstone, of 
so close a texture as to be a near approach to pe- 
trosilex ; and over this is a stratum about a yard 
thick, composed of several irregular strata of 
the same coarse red petrosilex, sandstone and 
blueish indurated clays, and then the friable 
red whin lately mentioned. 

Perhaps this appearance of the whin is 
only superficial, and arises from an incipient 
state of decomposition. Over this lies the im- 
mense bed of whin, which, though one conti- 
nued bed, varies considerably. At the south 
end it is a common wacke, which will not 
strike fire, and sensibly effervesces, and has 
much lefs of the fine cristalline texture than it 
has in other parts, where it strikes fire with 
the steel, does not effervesce, and has so 
much the appearance of a fine cristalline texture 
as to look like a congeries of minute cristalline 
particles, and in fact, with a lens, hornblende 
and feldspar may be discerned, and sometimes 
specks of zeolite, both of a greenish and a red- 
dish colour. I had the good fortune to discover 
and detach a minute octahaedral cristal of the 
ferrum cristallinum, (magnetic iron ore), and 
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of this nature I believe the iron to be which 
abounds in the whins and basalts. When I 
reduced this whin to powder I could take up 
the greatest part of it with a loadstone, and 
that which remained was of a lighter colour. 
Though this great bed of whin is not dis- 
tinctly divided into strata, yet there are two 
or three parallel divisions or fifsures which 
dip with the strata. There are likewise some 
horizontal veins, if I may call them so, about 
an inch thick, of a whin, which, by the admix- 
ture of red feldspar, has a reddish appearance* 
Tiiough I have called them veins, on account 
of their thinnefs and appearance, yet they are 
beds or strata, however small, and must have 
been formed in the same manner and at the 
same time as the rock in which they are in- 
closed. I mention them, as they strongly in- 
dicate that the whole rock must have b^en 
formed by gradual deposition, and cannot 
have been formed, as Mr. Whitehurst and 
others have supposed, by being vomited from 
the bowels of the e^rth and thrust in amongst 
the strata. 

In two or three places I found small 
patches like nodules, not sporadic, but conge- ' 
nite with the rock itself, of the appearance 
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of fine grained grey granit. They aie of 
white zeolite, mixed with calcareous spar and 
small laminae of hornblende. In another 
specimen from Leith shore, ^tomback brown 
coloured mica is interspersed. 

Over this immense bed of whin lies a bed 
twelve or fifteen yards thick, formed of many 
thin strata of reddish coloured sandstone, coarse 
petrosilex, and blue and other coloured clays. 
On following this bed we find it forms the 
sandstone quarry in the King's park, not far 
off. 

At the foot of the talus or slope from 
whence the craggs rise, there is another sand* 
stone quarry; as the strata here dip in tlie 
same direction as the former, it is most probable 
that they run under them. In the outskirts of 
the town I remember to have seen some por- 
phyrons- whin rocks, which, from their situ- 
ation and dip, I thought might very probably 
run under the former. If it were really so we 
should then have a most stupendous mafs of 
whin and sandstone strata. 

Arthur's-Seat rises from the side of Salis- 
bury Craggs. Its form is very irregular, but 
rather of a conical form. Its summit is five 
hundred feet above the plain from whence it 
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rises, and about eight hiftidred feet above th^ 
level of the sea. Its ascent is bold and ra- 
pid, particularly on the north west, but lefs 
so on the other side. Its composition is vari* 
ous, and requires ia detailed description, • : 

Proceeding froni the south end of Salisbury 
Craggs towards Duddeston Loch, there is on 
the left hand a high wall or.cscarpement of 
basalt, containing both basaltic hornblende, 
and feldspar, the latter tinged, as it generally 
is, of the colour of its basis. - A little farther 
it is found in large pentagonal and hexagonal 
prisms, a yard in diameter, and several in 
length. Some of them having fallen down, 
have disclosed some Prehnite* of a greenish 
white colour, with the incipient forms of cris- 
tals on its surface. Near the Loch some siliceous 
or sandy limestone is found. This I was informed 
was once quarried for lime, but it did not an- 
swer. It appears to run under the hill ; little 
of it is seen. The rocks which overhang the 
Loch are in one part covered by some fine 
grained compact siliceous sandstone. In this 
neighbourhood the basalt contains grains of the 



* Zeolithusj viridi^t Syst. Nat. 
P 2 
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chrysolite des vokans or* Olivine of Wemett 
The rocks which overhang the Loch, belong 
to a chain which continues to the highest part 
of the hill; behind this there is another ami* 
lar chain, but bolder, running parallel to it ; 
they both dip to the east ; there are similar 
chains, as I shall soon observe, on the other 
side of the hill* 

If we return towards the basaltic prisms, 
and climb up the rocks, we then find a kind 
of platform. The first thing that strikes the 
naturalist here is the aj^earance of large blocks 
of coarse puddingstone, or rather breccia* 
which lie immediately above the basaltic 
rocks just mentioned. From this platform an 
immense rock rises by a gradual slope»...^s 
you ascend, wherever the rock appears, no-. 
thing but breccia is seen, and the whole rock 
towards the top being naked, shews that this 
immense body of rock is entirely breccia. 
This, again, serves as a platform to another 
rock fifty or a hundred yards high, but of a 
very different nature. This is entirely basalt, 
nearly the same as that.hdow, and has like- 

• ■ ■' I ■ " ' ' ' ' ■■■ ■' ' ' .1 . — 

* Olivinus Werneri, Syst. Nat, 
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wise afsumed an iiregular columnar appear^ 
ance. Here we are only separated from the 
summit of the hill by a small valley or dell, 
from whence Mses the rock which forms the 
summit. This is the same fine hom<^enous 
compact basalt as that of Castle Hill which I first 
described, but of a reddish colour. In conse- 
quence of this calciform state of its iron, it 
does not sensibly move the magnet^ 

From this elevated situation there are some 
most beautiful views; the city of Edinburgh 
beneath, the town of Leith at a small distance, 
then the Firth, the coast of Fife, and the 
neighbouring hills. Towards the north the 
open Sea, the Island of Bafs, and Berwick 
Lowe, and towards the south the Pentland 
Hills. — From hence likewise the best idea of 
the shape of this hill and its neighbouring 
rocks can be formed. Immediately below, to 
the north west, there are three ranges ox 
chains of rock behind Salisbury Craggs, sihii- 
lar to them in their course and dip, but on a 
mucii smaller scale, and to the N. E. an irre- 
gular rock, with itx dip and escarpement or 
front nearly the same. These are the rocks I 
spoke of when I mentioned similar ranges on 

P3 
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the opposite side of the hill nealr Duddeston 
Lochii 

On descending towards Salisbury Craggs 
we again find the breccia, wMch we saw on 
ascending the other side of the hill; it conti- 
nues till near the bottom. Hence it appears 
that the greatest part of this high hill is com- 
posed of breccia formed of fragments of whin 
and basalt, and which rests upon one^ bed of 
whin or basalt, and is covered by another. 
Breccia rocks do very frequently accompany 
basalt and its congenera. I have observed 
tliem on the other side of the Firth, at Staffii> 
and in many parts of the continent. 

The first of the chains or ranges of rocks 
that I lately described, as lying at the back of 
Salisbury Craggs, extends from Arthur's seat to 
St. Antony's chapel. It is composed of basalt 
and sandstone, neither of which are like the 
whin and sandstone of Salisbury Craggs. The 
basalt is the same as that near Duddeston 
Loch. The stratified matter forms a bed two 
or three yards thick near St. Antony's chapel. 
Some of it is very hard, and strikes fire with 
steel, but effervesces with acids, and has an ar- 
gillaceous smell, but the greater part is soft 
and friable, and seems to be merely the finer 
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debris and powder of the breccia; perhaps a 
kind of trafs or terrafs. It contains a great 
many vegetable imprelsionst with the charred 
matter still eidsting. They appear to be the 
same which are so frequently found in the 
strata that accompany coal. The large irre- 
gAilar basaltic columns at St. Antony's chapel 
rest upon this. 

The second range is not connected with 
Arthur's Seat. The basalt is the same as the 
last^ with a bed of the {lately mentioned 
stratified matter lying between the basalt. At 
the north end of this chaiuj and likewise i^ear 
St. Antony's chapel, there are large irregular 
nodules, and sometimes short thick veins of a 
dliceous kind of limestone of a fine cnstaUiqe 
texture enclosed in the basalt rock ; it effervesr 
ces and dilsolves in acids. Red and variegated 
jasper are likewise found in nearly similar 
forms and dtuations. 

The third range is smaller, and not so re- 
gular. The basalt is nearly the same as the 
last, but here I found no stratified matter, nor 
yet at the insulated rock to the east of it. 
Further, in the same direction, amygdaloid 
rocks abound, but of these I find no memo-, 
randums. Still further and then the coal 
strata commence. 
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A Sketch of the Mimrahgy qf the Mahern 
Hills. 

The Malvern Hills consist of a simple 
ridge pf very considerable height, and very 
steep ascent i about ten miles in extent, ran- 
ing north and south. At the southern end it 
is lefs uniform, several smaller hills being 
there clustered together. On the east side 
of these hills the country is an extensive 
plain, but on the western it is hilly, and 
much higher than on the former. Hence this 
ridge of hills, if estimated from its base, is 
much higher on the eastern than on the 
western side. 

The rocks of which it is composed are 
imperfect or ill characterized granit, imper- 
fect kinds of wacke, chert, and here and 
there in small quantities micaceous-shistus 
and hornblendc-shistus. These are singular- 
ly blended together. In some parts the gra- 
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nitoid rock, which contains scarce any mica, 
runs as it were in thick irregular veins, or forms 
patches amongst the wacke and chert ; and 
these likewise are similarly situated amongst 
the granit, sometimes the one sometimes the 
other, forming the principal mafs. All these 
frequently pafs imperceptibly into each other ; 
hence arise various^ strange mixtures, and 
imperfectly characterized fofsils. 

In walking over these hills, I cpUected 
the following specimes ; none of which I 
found any where to constitute a considerable 
portion of them, except the granitoid kind ; 
and this, though greatly varying in its nature, 
I found in considerable rocks on the summit 
of the ridge between Great Malvern and the 
Well House. 

No. I . Red Granit, with scarce any silver 
mica, and a little hornblende. 

No. 2. Fat Quartz, in which a few particles 
of red feidsp^ are imbedded. 

No. 3, Quartz and Feldspar united in equal 
portions, rather in short stripes 
than in grains, with a few minute 
spangles of mica. The different 
components being in very small 
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No. 1 6. Reddish Grey Pctrodlex, including 
a few particles of pellucid feld- 
spar# 

All these specimens are from about three 
or four miles of the centre, of the chain ; the 
other parts of it I never examined. 

On the west side of this chain, which is 
the hilly side, I found compact grey, limestone, 
containing petrefactions ; at the cmly quar- 
ry I saw, it lies in perfectly vertical strata^ 
running in the direction of the chaiot and 
close at its base. From the smoke of neigh- 
bouring limerkilns, I judge limestone strata 
to he very (:ommon on this side. But on the 
eastern side, the plain, near the hills, is formed 
of gravel; not of rounded but angular fragr 
ments of the different kiijds of stoQe I have 
just described. Near Great Malvern, which 
is at the foot of these hills, red sand is 
found. 
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On Milhione-^Rocks^ 

Many applications have been made to 
me for infotmation on the subject of Mill- 
stones, and for an account of those kinds of 
rock which are generally used and best 
adapted for this purpose. 

It seems, from the great esteem which the 
French Burs are in ' every where, and from 
the nature of the procefs of grinding, that 
very hard and very cellular stones are best ; 
and it is therefore very unfortunate that very 
few of the hardest rocks are in any degree 
cellular, Jasper, petrosilex, granulated quartz, 
or compact siliceous sandstone, and granit, 
are very common rocks, and sufficiently 
hard ; but they are folid, not porous or cel- 
lular ; whilst of the few rocks that are cel- 
lular there are very few which are sufficiently 
hard. Hence we ought not to expect to find 
good Millstone-rocks in many places. 
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Millstone-rocks may be divided into three 
kinds. The simple cellular rocks of Petrosi- 
lex, the coarse Sandstones, and the cellular 
black Basalt. Granit, though frequently used, 
is no more adapted to this, purpose than any 
other hard rock* 

Of the first division we have the French 
Bur, which is a very cellular petrosilex. It is 
the Petrosilex opacus variis foraminulis inordi- 
nate distinctus, of Wallerius, vol. I. p. 28«, 
excluding the Synonyma of Pumex saxiformis 
cinerius Liri. and Lapis Mdlaris Rhenanus, 
which are the cellular basalt of the third di- 
vision. The Bur is found in France, but 
I have never seen it but in the state in 
which we receive it. Both Mr. Guettard, in 
his Hist, de Paris 1758, and Mr. Darcet, in 
his Mem. sur Taction d'un feu egale, speak of 
it; unfortunately I have not accefs to either 
of these works. The latter, according to 
Mr. Wallerius, speaks of it as being found in 
thick vertical strata. 

The only rock of a nearly similar nature 
that I have seen is at Conway, which John 
Sneyd, Efq. of Belmont, Staffordshire,, has 
leased from the Corporation of that town, 
chiefly on account of the excellence of some 
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part of it for the Staffordshire Potteries The 
nature of the rock varies connderably* In 
some parts it is a true petrosilex, but in gene^ 
ral, though white homogenous, and of a com« 
pact texture, itisopake anddull (without lustre) 
and of an uneven fracture, I found some 
specimens so very nearly resembling the true 
French Bur that they were distinguished from * 
it with difficulty* The first millwrights and 
the best judges in London approved of them* 
These were but some loose fragments I found 
on the hill, which I examined at the request of 
my friend Mr* Sneyd, who had observed here, 
a few years before, some indications of rocks 
of this nature. Since then, this invaluable 
country Squire has employed proper workmen 
to cut out some millstones, but with what suc^ 
cefs I am not informed. Besides this, so si«» 
milar to the French Bur, I found a rock of 
chert, which, where I saw it, seemed princi- 
pally composed of glands of the same nature, 
formed of subconcentric crusts, and chiefly 
hollow in the middle. This, though no 
doubt, much inferior to the other, must be well 
adapted for millstones. I saw a very singular 
mixture in Hungary of reddish jasper or petro- 
silex and white indurated clay, much used 
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there, aiid justly celebrated as a millstxxie 
I have thiis described it in my travels through 
Hungary, ** Pcrpbyrius rubra alboque variega- 
tm celltdosust expetrosilke diiute corner et or- 
gilh mJmrata canm undtdatim dispasztis. Ar-- 
gilU ctidm mOestit ctUuhrumparietes ; mx ad- 
sunt Mdulmia et mka. Both thk and that of 
Conway, belong, I believe^ to what are deno- 
minated the pdmitive rocks. 

There is another kind 6E lodk^ thoi^ I 
think used but little ex not at all, which 
neverthele^ seems, by its greaU hardnels and 
porous nature to be well adapted to diis pur- 
pose. This isakind of petroakxor cfaotof 
averydifierentai^pearaiioe, nature and ongin, 
from the preceding, and varies, pfofadUr, 
from a dose hard siliceous sandstaK topctro- 
sikx and quartz. It is the screwsune, the 
Schraufaeor-S^ine of the Gennans^ azid tiiepier- 
RsavisouTrochkaresoftheFroick. lathis, 
tibe cellular or porous textme arises imjuJ y 
&om the absence or the petniiictioas which 
have been inclosed in xt^ and of wiach vre 
now only find their innuM.s and czv^ks."^ 
Thi» is by no means a rare fei^I, and, though 

• See page ic?9 Of ±e Phiiosoofrv or MaeraRrgr. 
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considerably varying in its cellular texture 
constitutes strata.. 1 have seen it at the lead 
mines in Flintshire, ^nd elsewhere* . 1 know 
it is found in Derbyshire^ and I am informed 
it is likewise in the Vale of Llangollen. It 
is probable that this, when employed for 
millstones^ must j like the French Bur, be often 
used in pieces cemented together. I have 
seen it in Flintshire so exceedingly cellular 
and delicate^ that it resembled the light 
fpongy calcareous incrustations called petri- 
fied mofs, and was unfit for millstones. At 
other times it is not sufficiently spongy or eel* 
lular. 

The second kind of millstone^rock, and 
which is frequently emphatically called mill- 
stone-rock, Lapis Molaris, Miihlstein, Pierre 
Meuliere^ is a coarse grained sandstone, va^ 
rying considerably both in the nature and size 
of its component parts. Most of this kind that 
I have seen,' were of so coarse a grain as to 
enclose pieces of quartz as big as nuts, and 
even walnuts. That of Mow or Mole-Cop 
in Staffordshire, which is in great repute, is 
of a loose texture, and composed of coarse 
grains of sand mixed with decomposed feld- 
spar. This kind of millstone-rock, is more 

Q 
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common than either of the preceding kinds, 
and constitutes thick and extended strata* 

The third kind of millstone-rock is the 
Mack cellular basalt, the Pumex mdaris of 
Linn, the Lapis molaris rhenanus of Cron- 
stedt. It is chiefly quarried near Andemach, 
on the Rhine, in the bishoprick of Cologne; 
and it is from thence we are supplied with 
this kind of millstone. No doubt some of 
the porous lavas of Italy would answer equally 
well. So far as the cellular texture, this kind 
is admirably adapted for millstcmesy but being 
c^ basalt or lava» stones c^ very inferi(Mr 
hardnefs, it can by no means come in com- 
petition with the French Bur. It wears 
away fast, and as it gives a daik powder 
it does no( turn out a white flour. I 
found it used in a great porter brewery in 
London for grinding malt. I have seen no- 
thing in our island exactly of this nature. 
The cellular traps whins and toadstones of 
tXfrbyshire, and elsewhere, are mudi si^er. 

rhese are the principal kinds of mill- 
stiMfieHTOcks. No doubt, othersare used where 
the difficulty of obtaining the best is so great 
as to compel the substituticit of d&ose of an 
mh^nor kind. Accotdiogiy in some parts 
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granit and granitoid rocks are used, and 
amongst the Saofa molaria of Wallerius, I 
find one composed of grains of quartz cement*^ 
ed by, or imbedded in, steatite. Another, 
a kind of gneifs (Gneifsmn alpinmn Li^* a 
Gmelin), formed of quartz, mica, and garnets ; 
and another of quartz^ micat and sfaorl ox 
homblendet 



Stone^Hing€^ 

The situation and form, if not the use and 
destination of this astonishing work of rude 
antiquity, are well known ; with these I am 
not concerned, as I mean to speak of it mere** 
ly as a miner^ogist. All the great pillars^ 
as those forming the outward circle, the five 
pair innermost, and the great stone with the 
two lateral ones near the ditch, are of a 
pure fine grained compact sandstone, which 
makes no effervesence with acids. As far as 
the lichens which cover the pillars will per^ 
mit one to judge, some are pf a yellowish cot 
lour, others white. 

Q 2 
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The second row of pillats, which bear no 
proportion in bulk to those just described, and 
Ihe six which are innermost of all, two of 
which form the doorposts, and another which 
is grooved, are of a kind of fine grained 
Griinstein; where the black hornblende is 
the only constituent which has a cristalline 
form or spatous appearance. This in stimt 
pillars is but sparingly scattered in the prin- 
cipal mafs ; in others it forms a principal part* 
The mafs or ground has a finely spewed 
green and white appearance, an uneven fi:acr 
ture, makes a slight effervescence with acids, 
and may be scratched with a knife. This 
stone strikes fire difficultly with steel. But 
in this second row there are two pillars of a 
quite different nature. That on the right 
hand is a true and well characterized 
blackis; siliceous sliistus, the kiezel scbiefer 
of Werner, that on the left is argillaceous 
sliistus* ' The great slab or altar, is a kind of 
grey Cos, a very fine grained calcareous sandr 
stone. It makes a brisk effervescence in 
nitrous acid, but difsolves not in it ; 'strikes 
fire with steel, and contains some minute 
spangles of silver mica. 
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Remarks on the Flos-ferri. 

The manner in which stalactites are 
formed, is, I believe, well understood. It is 
easy to conceive that by the gradual difsipa- 
tibn of a solvent the matter held in solution 
may be deposited, and afsume all the various 
forms that the soludon at one or different times' 
had i)een in. Thus we can account for the 
form of any stalactite which has suph a one as 
the dripping fluid can haye existed in, either 
tfirough its own natural gravitation or through 
the joint powers of gravitation and the attrac- 
tion of some body in contact, but by no means 
of those forms in which we know a fluid body 
.could not in any circumstances have been. 

Reasoning thus, I am unable to account 
for the formation of that beautiful fofsil the 
Flos-ferri, found in its greatest perfection in 
the iron mines of Eisenirtz in Styria, which 
not only differs from all other stalactites in its 
forms but in its texture. In regard to its form 
it is generally branched, but whether simple 
or branched the parts are by no means straight 
but curved, and in the same specimen curved 
in very different directions. Where the 
branches shoot out, that is at the axillae^ it is 
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no thicker than in other parts, and frequently 
a simple undivided shoot, three inches long, 
is no thicker towards its base than towards its 
point. In the direction of its growth, the 
Flos-ferri differs not lefs from the common 
stalactites, whose long cylindrical forms are 
never found in a horizontal situation, and in 
which direction we know they never can be 
formed. Yet in the great mine of spatous 
iron ore of Styria, I have seen both the sides of 
a vertical fifsure covered with the flos-ferri* 
The texture of this fofsil likewise greatly dif-» 
fers from the common stalactites. It is not 
compact, nor is it composed of concentric 
cylindrical plates, but of obliquely divergent 
fibres. 

These peculiarities lead me to think that 
it is formed in a different manner from common 
stalactites, and I offer these remarks to those 
who have an opportunity of observing this 
fofsil in its birth-place, that they may investi- 
gate its formation. — It is not foreign to the 
present subject to mention that a few yeaxs ago 
I found on the side of a chalk rock on the 
turnpike road, somewhere between Portsmouth 
and Guildford, a fine white light body refem- 
bling very much in its structure, the hyjsus 



OF CRIST ALS INCLOSING WATER. 931 

aurea ; being in haste I put a small specimen be^ 
tween the afs-skin leaves of my'pocket book, 
which, when I went to examine, I found re- 
duced to powder. It was insoluble in water, 
but soluble with effervescence in nitrous acid.' 
It is probable that this singular production was 
of the nature of the flos-ferri, and might be 
denominated Inolitmis-byfeoides, or Stalactites- 
byfsoides. But these remarks are only offered 
as hints to future observers. 



A Group of Cristals of Selenite inclosing 
Drops of Water. 

No fact scarce in Natural History is too tri- 
fling to record, for many, which in the present 
state of knowledge may appear unconnected 
and uninteresting, will, indue time, be digested 
into form, and connected with their causes and 
consequences; and as parties now run high 
between those who attribute the formation of 
the crust of our globe to fire, and those who 
attribute it to water, no information that can 
put the disputants in a better state for carrying 
on the discufsion, without increasing their 
zeal, should be withheld. I therefore make 
no apology for thus recording that I pofsefs in 
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my collection of fofsils a fine gtoup of large 
cristals of Sefenite, in one erf" which, if not in 
two, (for I have not my, collection by me), 
there is one or two drops of pure water which 
has a very considerable space to move in.— 
Rock cristals inclosing drops o( water are 
by no means very rare^ particularly in 
some of the Hungarian mines; but I do not 
recollect to have seen, or read of any being in* 
closed in cristals of gypsum or selenite. This 
group I got at the great rocks of Gypsum, at 
Lunenburg, in Germany. 



Tremella Ncstoc. 

Dr. Darwin insinuates in his Botanic 
Garden, that the Tremella Nostoc, or rather 
what has often been improperly considered as 
that plant, owes its ** appearance of having 
been prefsed through a hole,** to its having 
pafsed through the body of a Heton. In this 
opinion I think he is mistaken. This ver- 
micular form is the natural form of the Ovi 
Ducts of Frogs, to which this substance owes 
its existence. 

FINIS. 
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